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Development of Content and Testing Program for
Industrial Mathematics in the Ninth Grade*
In October 1916 I first attempted to teach industrial
mathematics* On trying to find out what the content of the
course would he I soon discovered that the men in charge of
the vocational work were more or less hazy as to what should
he included in the course of study. They gave me many hooks
on shop mathematics from which I was supposed to choose what
I thought was suitable work for the boys* There was t\o text
book for the pupils* Ao cording to this method each teacher
practically made up his own course of study in mathematics*
This plan could not be successful, and I soon saw the need of
working out a course of study in industrial mathematics which
would be based upon past and present experience in the schools
and in the vocations* The problem beoomes one in which we are
trying to determine a curriculum for industrial or vocational
mathematics in the ninth grade, based on a scientific study
in this field of general mathematics*
Utility is the most important aim acoording to Wilson in
his book, "What Arithmetic Shall We Teach?" That aim is very
important in industrial mathematics but the other aims that
we must keep in mind in order to solve this problem are also
important. In the study of vocational mathematics the util-
ity aim must include what we consider useful in the shop and
in life outside the shop. Since this course is designed for
boys in the ninth grade we should keep in mind the aim of pre-
paring for worthy use of leisure time. Furthermore v/e must
•*
•
oonsi&er the aim of trying to correlate mathematios with
other subjeots such as mechanical drawing or the sciences*
Although this vocational course would not "be primarily
work which would prepare for college yet it should he so
arranged that study in this course would help and not hin-
der the "boy who wished to continue his work in some day or
evening technical school* Finally I think that the hoy
should get out of this study an appreciation of the value
of mathematios*
The problem of what to inolude in such a course of
study and what to leave out is an old one* Rice, as early
as 1893 made an attempt to find out what should he included
in and what should he eliminated from the study of arith-
metic* Malvlurry
,
Stone, Wilson, Goffman, Jessup and others
continued in their scientific studies of trying to elimin-
ate and trying to "build up*
The old mathematics curricula were built on tradition,
and until these scientific studies were made the new courses
were continually built upon the old as a foundation* Some
of the men saw the need for new methods in working out a
curriculum for mathematics* Scientific work had been done
in other subjects and those interested in arithmetic began
to make a similar study in this subject* Thus we began to
leave out all the guess work and get at the actual facts
needed.
In solving this problem I started out by visiting the
shops and talking to some of the men whenever I reoeived
tr
permission* ky impression was that most of the men and
women in the shops could not remember "back over any length
of time and tell what arithmetic they had used* In one
shop that I visited where over a hundred young people were
employed not one had any use for arithmetic at any time in
order to do the work assigned* I came upon a marble cutter
who was using a trigonometric function hut on questioning
the man I discovered that he had never studied algebra,
geometry, or trigonometry* He was merely using an equation
and the trigonometric tables* Such work as he was doing
would require a little knowledge of formulas, of decimals,
and of multiplication* Lierely from the visits I came to
the general conclusion that most workmen used a small a-
mount or no mathematics at all in the shop*
In my general reading I laid the foundation by a
study of "The Psychology of Arithmetic" by Thorndike from
whom I will quote later* A specif io piece of work which
took several years of study is the "Course of Study in Liath-
ematics for the Industrial Curriculum in High Schools," a
Boston Bublio School document* The committee who wrote
this document was composed of sohool men and of shop men*
They emphasise the aims of instruction, the subjeot matter
and application* This committee says that co-operation
between the aoademic work and the shop work is very important.
t
"Close co-operation between the shop, the laboratory, and
the mathematics class is of oourse essential. The shop
problems should usually arise in the shop* The mathema-
tics teacher should (l) prepare the way by developing the
required mathematical procedure; (2) supplement his earlier
instruction whenever the shop man suggests the need of so
doing; (3) profit in the mathematics class as muoh as pos-
sible by the interest and the practical point of view dev-
eloped in the shop and laboratory*" Such co-operation has
been lacking, it seems to me, in the past with the result
that not only has the mathematics suffered but also the
general interest of the boys in the school* If such co-
operation does esist the shop man can offer practical pro-
blems to be used in the mathematics class* And then we
will have work that is selected t,nd taught according to
the needs of shop men*
In my statement of the problem some time ago I men-
tioned the survey work done by Wilson* One of the results
of his survey, covering arithmetic, is as follows:
Processes used:
Multiplication 171 Percentage 22
Addition 75 Simple denominative numbers 13
Subtraction 73 Cancellation 2
Division 65 Mensuration 1
Fractions 58 Decimals 1
1
*Sohool Dooument No. 3—1927
Boston Publio Schools
Course of Study in Mathematics
for the Industrial Curriculum
in High Schools Page 6

Furthermore his report on 1975 fraotions used in
14, 583 problems shows that the fraotions *"l/2, l/4, 3/4,
1/3, and 2/3 make up nearly 92$ of all fractions*" This
is for all occupations* After these important fractions
come the following in order 3/8, 2/5, 4/5, l/8, l/5, and
5/8 • In my survey which I shall explain in detail later
there was little difference in the fractions*
The results of the Wise Survey in research for city
sohools published in the Elementary School Journal for
Ootober 1919 are as follows:
Processes used:
Addition 561 Cube measure 110
Subtraction 185 Interest 82
Multiplication 1084 Direot deoimals 67
Division 403 Carpeting 56
Add & Sub 317 Square measure 55
Add & Mult 1556 Papering 53
Add & Div 67 Board measure 35
Add Sub & Mult 920 Land measure 32
Percentage 199 Mensuration 32
Fractions 126 Fencing 217
The above classification shows that we get the same
results in different states "beoause this tabulation was
made to cover a number of states and the results do not
seem to be affected at all by the different interests of
the boys in the different states*
In regard to fractions Wise found that l/2, 1/3, 2/3,
1/4, 1/5, and l/8 constituted about 94$ of all the fractions
used* In this survey Wise found that the fractions 1/6, and
*Wilson, Guy
What Arithmetic Shall We Teach?

7/8 occur ed more times than the fraction l/5* Wilson
later made a survey of arithmetio in the Boston Public
Schools and the results in general were the same as he
found in his previous studies* In this work he found
that the decimals were different than in his previous
study "but only in highly specialized work, such as ac-
counting*
Wilson then tried to use his previous data and
figure out what kind of mathematics would he needed in
vocational work* He oomes to the conclusion that most
of the work will he on the fundamentals and fractions*
He says that highly specific arithmetic can he better
taught on the j oh and from my study along this line I
think that is true* I probably would include in my
oourse more arithmetic than Professor Wilson would in
his course on vocational mathematics* I shall attempt
to justify later the complete content of my course*
It seems to me that a study of the text books on
shop mathematics would be essential in order to know
what has been offered along this line up to date* I
find that nearly every suoh text book is highly
technical and is not at all based on the results found
by Professor Wilson and others in their scientific
studies. In one book on shop mathematics used in the
schools of a large city we find the following topics
treated:

*Back gears
Belts
Blast furnace
Brickwork
Casks
Castings
Chimneys
Cone
Cone pulley
Core print
Countershaft
Crank
Cross slide
Cupola
Cutting speed
Brive
Eccentric
Floor joists
Flooring
Forging
Foundry
Framework
Gable roof
Gamer el roof
Jack rafter
Jig plates
Lathe
Gas engine
Gearing
and others
Gears
Another text "book on shop mathematics which was found
in a high school in the vocational department oovered as
many if not more of the same kind of problems • The ex-
amples were of a specialized nature. The following is
an illustration:
**"The gears furnished with the Brown and Sharpe
Mfg. Co. milling machine for differential indexing and
spiral milling outs are as follows: 3 gears of 24 teeth
and one each with 28, 32, 40, 44, 48, 56, 64, 72, 86,
and 100 teeth respectively.
Find the indexing required for 53 divisions."
Suoh work is not suited for high school boys in
vocational courses but if taught at all should be given
to the boy or man when he gets on the job. These books
should not be given to teachers of industrial mathema-
tics with the idea that work can be selected suitable for
the high school boy. Suoh books it seems to me are good
only as reference books.
*Br eckenr i dge -*ier se r eau-Mo or e
Shop Problems in Mathematics
Ginn and Company 1910 Index
**Holton - Shop Mathematics
The Taylor-Holden Company
1910 Page 120
•
In the text books on shop mathematics will be
found fraotions whose use it would he difficult to de-
fend* 5Pwo examples, taken from one of these texts at
random, are as follows:
3/5 : 7/8^ x : 5/9
9/10 : 21/25 « 3.5 : x
according to all the surveys it is doubtful that 21/25,
5/9 etc. are fractions that are practical.
We always find belt problems in such books and many
of them are treated in a technical and highly specialized
way. In my survey I had one such problem brought in. A
man was trying to find out the length of the belt on a
sewing machine and the boy that brought it in explained
how such an example involved the circumference of a cir-
cle. When I asked the boy how his father actually found
the length of the belt he said that a piece of string
was used and placed around the wheels to take the place
of the belt. Then the length of the string was found
by simple measurement. I don't believe in deliberately
trying to make problems hard when there is an easier
way to solve them unless it is for the purpose of teach-
ing a new and important principle.
I asked the boys in the high school to question
their fathers, brothers, or any other men with whom they
might come in contact, to find out if they used practi-
cal arithmetic in their daily occupations. If the man
did not use any mathematics in his work but did use some
a
in a practical job which he did outside of work such
as laying linoleum, "building a garage etc the "boy
might "bring in any arithmetic involved in this work.
I specifically stated that I would not want such pro-
blems as going to the store to buy some groceries and
receiving change or keeping accounts for the home* I
received 4S5 problems and tabulated them to see what
processes were involved in the solution* In a pro-
blem of finding the area of a rectangle where the
fraotions were used I oheoked multiplication, fraotions,
and areas* In another problem I might oheok addition
and multiplication. The results I obtained are as fol-
lows:
Processes involved:
Addition 64 Areas 10S
Subtraction 86 Formulas 29
Multiplication 208 Square root 9
Division 121 Percentage 36
Fractions 146 Board feet 42
Decimals (one plaoe) 7 Money 91
Decimals (two places) 5 Equations 27
Decimals (three places) 0 Time 14
Decimals (four places) 0 Weights 8
Measuring 6 Slectricals 11
The fraotions were then tabulated to see which ones
were most often used. The fractions l/2, 3/4, l/3, 1/4,
and 2/3 made up almost 86$ of all the fractions. If we
add 1/5 and 3/8 to the above we find that these 7 frao-
tions constitute 91 7/10$ of all the fraotions used.
rr
Fractions:
Wilson - 1/2, 1/4, 3/4, l/3, 2/3 a 92$
Wise - 1/2, 1/3, 2/3, 1/4, l/5, 1/8 = 94$
My survey - 1/8, 3/4, l/3, 1/4, 2/3 a Q670
She above order shows the importance of the frac-
tions as found in the three surveys*
To justify the oontent of industrial mathematics
we must constantly keep in mind the aims I outlined ear-
lier* Thus a piece of work may not have a definite util-
ity value but may have some value in accomplishing one
of the other aims which I think are important. As a
result of my study I feel that the equation and formula
are the foundation of the work in ninth grade mathema-
tics in the industrial course* The industrial committee
in writing about the subject matter of the ninth grade
says *"The study and use of equations, inoluding formu-
las, should constitute the major portion of the work of
the year." Many Problems can be taught more clearly if
based upon the idea of equations* 2horn8tike says that
**"the equation form is the simplest uniform v/ay yet
devised to state a quantitative issue*" He further says
that "arithmetic can make the equation a leading contri-
bution to business and industrial life*" Denominative
*School Document Ho* 3—1927
Boston Public Schools
Course of Study in Mathematics
for the Industrial Curriculum
in High Schools Page 7
**Thorndike - The Psychology of Arithmetic
The McMillan Co* 1922 Page 77

numbers should be simple and few and the whole subject
should oomprise a small teaching unit, but this work
also goes back to the equation.
In the text book written by Vosburg-Gentleman-Has-
sler, "Junior High School Mathematics", a book in which
they cover everything from simple arithmetic to plane
trigonometry and one which is used in the ninth grade
for general work, the first 86 pages are given over sole
ly to a study of equations and formulas* Naturally
equations and formulas are used continually throughout
the remainder of the book in conjunction with other work
30§# of this book is given over to direct and specific
work on equations and formulas* The authors called at-
tention to *"the natural approach to the formula as the
shorthand application of a principle or law*" I call
attention to the fact that this book was published in
1927 and the authors have attempted to profit by recent
research work in the field of mathematics* Finally,
the national committee appointed by the National Educa-
tional Association for the purpose of studying the pro-
blem of mathematics in secondary education recommends
that simple equations and formulas be included in the
mathematics which is given to the group preparing for
the trades*
*Vosburg-Gentleman-Hassler
Junior High School Mathematics
Page Vii
It
r
Keeping in mind the aims outlined in this work we re-
alize that graphs may well find a place in the industrial
mathematics course. We constantly use the symbolism of
geometry and the symbolism of the equation. Each of these,
according to Fletcher, have *" their own special uses or
valuable functions;" they also have * "defects or limitations.
They supplement each other."
In the graph * "these two main kinds of symooliSL. are
intertwined or interfused most cooperatively and fruit-
fully." The advantages of the graph can be stated as fel-
lows: condenses data, is economical, proves a stimulus
to the imagination and to the reasoning powers, and brings
out clearly trie idea of relationship. These advantages
have been recognized by business and industry as evidenced
by the increasing use of this means of presenting graphic
pictures. Vosburg in this connection says that a pupil
obtains **"by the graphic interpretation and representa-
tion cf number data an appreciation of the value of the
graph in science and industry."
There may be some difference of opinion as to whether
the metric system should be included in this course.
*Durell, Fletcher - Graphs as a Part of Cooperative
Mathematics. The Mathematics Teacher
Feb. 1929 Vol. XXII No. 3 Page 65
Vosburg-Gentleman-Hassler
Junior High School Mathematics
The Macallan Co. 1927 Page Vi
0
Thcrndike says that * "knowledge of the metric system for lin-
ear and square measure would perhaps, as an introduction to
decimal fractions, more than save the time spent to learn it."
Remembering that this course is planned for boys who
in their school work will take industrial physics I decid-
ed that our mathematics should include the equation (for-
mula) and the metric system which are important in the
study of this subject. E. J. Martin who is physicist of
the General Motors Corporation, Research Laboratories,
Detroit, Michigan, goes further tnan this and says that
**"in the high school such a course (mathematics labor-
atory work) is both possible and desirable." He empha-
sizes tne importance of connecting mathematics with phy-
sics
.
It is possible that two much time is spent on the
academic work. Merely because the law in a state says
that at least fifty percent of the time must be given to
shop work does not mean that an equal division in time for
the two kinds of work is tne best plan. If conditions war-
ranted a change, I would suggest for example, in a vccaaticn-
al course where the boys are specializing in electrical work
that the work in Pnysics (emphasizing electricity) and the
work in mathematics oe combined as a coarse for one of the
*Thorndike, Edward L—The Psychology of Ari theme tic
The MacMillan Co. 1922 Page 147
**Mcirtin, E. J, - Mathematics in Industry and Research
The Mathematics Teacher-March 1929 Vol. XXII No. 3 Page 177.
f
later years and that all the instruction be given by one
man in the laboratory. This would be one way of reducing
the time spent on academic work. Furthermore, I believe
it would make the ooys feel the need of mathematics and
thu3 serve to bring interest into the work.
Geometry is related in some way to many professions
and vocations. I tried this little experiment in a geom-
etry class. The boys vere asked to study the relation of
geometry to the vocation in which they were interested.
If a number of boys ^vere interested in law, they formed a
committee, elected a chairman who, when the work was com-
pleted, reported to t.h e whole class. This was interesting
and instructive even to the geometry teacher. One boy re-
ported on the optician, using such terms as angle of de-
flection, parallel lines, degree of curvature etc. An-
other boy as, cnairman of the law committee, reported some
interesting cases of la\v in whieh geometric figures were
used in the court room. Formal proof did not enter into
the work.
I believe that geometry construction is essential ana
that the teacner must 3ee that the pupils are net doing a
mechanical job but are becoming construction wise. The
National Committee on mathematics include this vork in the
needs for *"the group preparing for certain trades."
*National Committee on Reorganization of Secondary Education
The Problem of Mathematics in Secondary Education
Bulletin 1920 No* 1 U. S. Bureau of Education Page 17
f*
13
Leonard in hie study of mathematics in industry says *"the
two 'things most commonly met (in industry) are the formula
and the triangle."
The authors of general arithmetics have been fast elim-
inating much of mensuration work, following the results of
the surveys. The authors of text books on trade mathematics
seem to think that their content should be different. Such
work as area of a parallelogram, rhombus, trapezoid, irregular
polygons, as well as the volume of a prism, a cone, and a pyr-
amid is taken up. Some of the bocks offer examples of these
figures but the authors don't seen, to realize that in shep
life or in home life we are not concerned with the area of
a parallelogram or with the area, volume or lateral area of
many other geometric figures. Though I think it advisable to
include simple informal geometry in this work I would elim-
inate many of the geometric figures in both two and three di-
mensions
.
In a high school (3,000 boys) that prepares many boys
in its college department for technical schools and colleges,
the first three months of the ninth grade is spent on ap-
proximate computation. This is in line with the recommenda-
tion of the committee on the reorganization of mathematics.
They claim that mathematics should bring about **"exercise
* Leonard - Mathematics in Industry
School Science and Mathematics
March 1929 Vol. XXIX No* 3 Page 245
•^National Committee on Peorganizaticn of Mathematics in
Secondary Education U. S. Bureau of Education
Bulletin 1921 No. 32 Page 5.
f1
r
of common sense and judgement in computing from approximate
data, familiarity with the effect of small errors in meas-
urements, the determination of the number of figures to "be
used in computing and to be retained in the result."
A few of the boys in the industrial work have continued
their studies in day and evening technical schools. More
ooys would do this if the course were cnanged from the hap-
hazard work of the past and present to a definitely deter-
mined curriculum for all subjects. Approximate computation
would nelp these boys in a very specific way.
Today we need not argue about the vaxue of checking. No
matter hew much mathematics we do, checking is a most imr.ort-
ant part of the work. The National committee on mathematics
says that uhere snoald be a *" development of self-reliance
in tne handling of numerical problems, through the consis-
tant use of cnecks on all numerical work. "Lloyer and Sampson
claim that **"an estimating or designing electrician or mach-
inist who cannot be sure of his figures works under a great
handicap
.
1
I now t:~ke the liberty of quoting the finding of two
committees, one covering a large city, tne other covering
the nation. These statements
,
from two different points of
view, explain what should be the content of a course in
industrial mathematics, especially in the ninth grade:
*National Committee on Reorganise* tion of Mathematics in
Secondary Education U. S. Bureau of Education
Bulletin 1921 Mo. 32 Page o.
**LIoyer and Sampson - Practical Trade Mathematics
John Wiley and Sons, 1333 Page Vi
f*
*"The group preparing for certain trades % The gen-
eral run of the need here contemplated can "be gathered
from the requirements laid down for machinists in one
of the more recent vocational surveys - simple equations,
use of formulas, measurement of angles, measurements of
areas and volumes, square root, making and reading of
graphs, solution of right triangles, geometry of the circle.
Much practice would of course "be necessary to make even
this small amount of mathematics function adequately*
"It is at once evident that if no more algebra is
needed than formulas, simple equations and the graphs,
and no more geometry than is here suggested, then the
ordinary high school course in these subjects are hut
ill-adapted to the needs of such pupils* It would seem
to follow that this group of pupils has no need to fol-
low courses in mathematics other than (i) arithmetic t
(ii) the "interpretative" (introductory) mathematics
discussed above, and (iii) the special applications of
these to the specifio subject matter of their several
specializations*"
**"Ninth Grade.
The study and use of equations including formulas, .
should constitute the major portion of the work of the
year* The topic of second importance should he arith-
metic computation, the need, for which will arise in
^National Committee on the Reorganization of Secondary
Education - The Problem of Mathematics in Secondary Ed-
ucation* U.S. Bureau of Eduoation Bulletin, 1920, No. 1 Page 17
**Course of Study in Mathematics for the Industrial Curriculum
in High Schools - Boston Public Schools - Sqhool Document
ITo. 3 1927 Page 7.
f
connection with the formulas and equations* Common
fractions and per cents should be reviewed.
"Approximate computation with the new point of
view which it gives the pupil should be emphasised
throughout the course*"
The industrial teachers may be the means of making or
breaking the whole program* The teachers of industrial math-
ematics must take their share of responsibility* In many com-
prehensive high schools where vocational work is done the
youngest and most inexperienced teachers are called upon to
do the industrial academic work* The older teachers don't
want to take these classes* The reasons are as follows:
1* The subject matter has not been well organized*
2* The teachers have not been trained for this work*
3* Very few suitable text books are available.
4* Because of the size of industrial classes, teachers are
given more periods of work and lose all free time*
5* kany teachers have no interest in vocational work*
Unless a teacher has faith in these boys and an interest
in their work his teaohing is not likely to be very successful*
We must have experienced tea ahers who like this work and are
trained in it. They must be provided with good conditions,
well or fcU&ized courses of study, and good text books. A
committee who made a study of industrial mathematics in
Boston recommends *three books for use in the ninth grade.
*Course of Study in Llathematics for the Industrial Curriculum
in High Schools, Boston Public Sohools, Document No* 3 1927
Page 21.

These texts were written by men who never up to the time of
doing this work had done any teaohing in industrial math-
ematics, and who wrote these "books for the regular ninth
grade child* In fact the "books are used in the ninth grade
in college preparatory classes where algebra is considered
the most important mathematics work for the year* I state
this to show the lack of suitable text books*
Euoh of the material for the industrial tests came from
the previous study of industrial mathematics* I was helped
and influenced some by suggestions from teachers who are work-
ing with industrial boys* The examples for each test were
arranged according to what I thought was their order of dif-
ficulty* The tests were then given to two hundred boys*
Teachers were requested to allow ample time so that we could
assume that if a boy failed to do an example he was not able
to solve it* The tests were corrected and the results record-
ed* V/e found out how many boys had each example correct.
Prom this data we rearranged the order, according to difficulty*
If every boy was able to do an example we discarded it. If
no boy was able to do one we discarded it*
The tests were given again and similar recording of data*
was done* A few minor changes in the order were made as a
result of the second test* The changes made after the first
test were many and important. In the test on equations my
guess as to the most difficult example was far out of the way*
On the whole, however, there was the general idea of increasing
difficulty even in the first arrangement, omitting some er-
rors of judgement as, for example, when only 10$ had the 18th
*See pages
t
example oorrect and 26 2/zfo had the 25th or last example cor-
rect.
Does the test measure what it is supposed to measure? To
determine this we must find out how the material was collected.
Since there is so much difference of opinion among industrial
teachers about the possible content of the course the tests
for the present must be only tentative. These tests were given
to determine their validity. The boys were rated according to
their class room work in mathematics for the year. These two
rated lists were then compared. The tests in fractions, equa-
tions and formulas were satisfactory as to validity. The tests
in approximate computation and in decimals were not. The teach-
ers were not agreed that these latter two tests should be used.
Many have not included approximate computation in their work.
Faotors which influence reliability are objectivity, length
of test, and eveness of scaling. These tests are objective.
From the result obtained after giving the tests I have come to
the conclusion that the tests in approximate computation and
in decimals are too short. The examples are scaled according
to difficulty but in the decimal test I found that there was
likely to be bunching of items, and this uneveness of scaling
tends to hurt the reliability.
r
It is surprising that in the test on fraotions some
boys had only 3 and 4 examples correct out of a possible
44* It is "because of such conditions that we set up a
standard mark which should "be reached "by "boys of a cer-
tain age or grade* Such low marks necessarily help to make
the standard low. The "bad feature is that some feel that
they are effioient when they reach this standard* Their
aim is, therefore, likely to "be low.
My work has "been influenced and helped "by my study in
one of Professor Wilson's courses and "by applying results
he obtained in his arithmetic researoh.I have studied and
used to a large extent his book, "What Arithmetic Shall We
Teach?" I believe, as does Professor Wilson, that the
aim in the fundamentals is 100$. If, for example, we limit
ourselves to the use of the simple fractions which were
found to be important as a result of the survey then a boy
who makes some mistakes is not efficient. The boy who can
get 18 multiplication examples correct out of a possible 20
is not efficient. He should get 20 correct. Naturally,
anyone is likely to make an occassional error, but checking
the work will take care of this.
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EQUATIONS
The equation is an arithmetical cr algebraic statement of
equalitv
.
4x = 8
It is similar to a pair of scales that balance. If the
3arne number of pounds is added tc both sides of the scales they
irill still balance. This is an axiom cr truth, 3tated in
mathematics as fellows : if equals .are added to equals the 3ums
are equal.
If a = b
then a+ c — b «*- c
If equals are divided by equals the quotients are equal.
If a = b2-2
then a — b
2 2
Solve for x.
4x = 20
4x _ 20 Both members divided by 4
4 4
x = 5
Solve for x.
1. 3x = 30
.
S. l£x 9.
2. 5x — 45 9. 2^x 7.
3. 15x = 75. 10. 3*x 5 .
4. 4x - 17. 11. 5^x 11.
5
.
3x = 14 12. 3^x 1.
3 2~x = 2. 13. 4£x 2.
7. 3£x = 10. ^4 . 5^x 15.
(
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15. 3$x =' 17. 38. 12x = 37.
16. 1^'X == 20. 29. 12x = Ti\ .
17. 15£x = 55
.
30. 2x - |.
18. 3*x =: 11. 31. 5x = 1^ .
19. 3x = 33. 5x =
20. 3x = D
.
33. 3x = T
31. 4x = 7* 34. 4x=£
22. 5x = ii. 35
.
4x =
23. 2x = 36 6x = £
24. 7x = 3*. 37. £x = 3.
3b. 3x = 4-1 38. fx = 8.
26. 4x = 39. •fx = i§.
27
. 3x = 7-1 40. •fx = 12.
Solve
.
1
(•Afi-p rc x i i te „-re 1- ta> i ira t .
)
4 .
5
.
O .
7.
8.
9.
10.
11
12.
x -H ox = 30 .
2x+ 3x = 15
.
5x — x = 44
.
3x — 2x = ±1 .
m + 4m — 17 .
4m - ui = 46.
8x f!7x = 101
h *• 8h = 52
.
x t 3 x _ 5 .
x + 2x = 3^ .
3a - a = li .
7x - 3x = 3-i
13.
14.
15.
16.
17
.
16.
19.
20.
21.
22.
23
.
34.
X + l£X = J ,
2t, x = 15.
d+3-* = 36.
lib = 17.
ib+2i;b = 6.
x +2^x = 5.
3-J-x = 2.
x + £x = 1^ .
ifx +2x = 6.
5^x l-^x = si.
i# X T ^ X _ J .
2t^x+3^x - 19|
cc
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2c. 3$l - £x = 3. 31. 4.2h - 1.5ft = 5.
26. 6x - 3^x = 4. 32. 2-^x — 1 . ox = 7 .
27
. 2^h — &h = 4. 33
.
5.75x — 2.50x — 13
23. 2a+£a = 4. 34. 2.3x+i.4x = 5.4
29 . 3 . cm — 1 . 5m = 14 . 35. 3.7x - 1.9x - 0.4.
30. 1.7x+2.3x = 10.
An algebraic equation may be divided into parts separated
by plus (Hr) or minus ( — ) signs, eacft part being called a term.
The terms on the left of tfte equality sign represent the
first member; those on the right, the second member.
Example
:
3x - 2 = x-*-4
If #e substract the same number from both members of the
equation, the equality will stilx aold true. This is stated
mathematically in the following cixiom:
Equals substracted from equals leave equals.
If a = b
c = c
then a — c = b — c
Another axiom states that equals multiplied by equals
give equals.
If a = b
c = c
then ac = be
If x+5 = 8 If 2x — 3 = 7
Subtract o from .3 = c 3 = 3 Add 3 to both
both 3ide3. x =3 2x =10 sides.
X = 3
e
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(1) If x
= 2i
(-•< 2
» g. = 2 • 3j (Both members multiplied by 2).
(3) x - 5
(1) If OX
4 , SJL — 4 • 6 (Both members multiplied by 4)
(3) 3x = 24
(4) 3x 24 (Both members divided by 3).
3 ~~ 3
(5) x - 3
All work in mathematics should be checked. In solving
equations one check is to substitute the value of x in the
original equation.
Solve for x.
CD 3x _ 2 = x+ 14
(2) 5x - 2+2 = ;: + 14+ 2 CD* 2
(3) = X+-16 same values
(4) ox — x — x + 16 - x (3) - x
(5) 2x as 16 same values
(6) X Q (5) + 2
Check 3 • 8 — 2 a 8 +-14
- 2 =3+14
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for x.
3
X 2L2-5
Ex
2x
3
3x
8
3
X
_2.1=5
X 3.
f = *
2x
7
3x
5~
2x
7
4x
5
2x
5
2x
9
3x
IS
J4
5
JT
7
\1
± - 1i
2 = 12
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
3 = 2 *
f = 8*
3x pi
2x
— 7
3
IS* 2^
§* = 2f
f = 2.25
|5 = 1.5
4
±£ s 8.20
5
2 - 3.14
2
2x 2.
3 -3"
2x 53=2
.5x s 10

Solve
i :dus trial ;iSMATICS I.
EXERC T 3ES
i for
i x + 5 — 11 19
.
X *J • VJ**
v- If) 20 x —-5 = 4.
y + 17 — PR
.A. r X / .
.
. O • 21. X -- 3 — 10.
4
.
22. X -- 7 = 24.
5. x «**4 F5 — 1 82 . 23. X -_ 5 = 40.
A
• 24. x --14—1.
7 3x X 6 — 15. 25. 2x — 6—3.
a 5x + 7—22 26. A — 12
.
9 2x +14 — An. 27. 5x — 10 = 20.
10. 5x «t- 6 — 17
.
28 5x — 140 = 140.
11. 3x + 2 — 15- 29
,
— 7 = 6.
12. 2x +17 — 35
.
30 2x — 5 = 10.
13. 3x 16 —d-8. 31. 2x — 7 — 1.1 x •
14 3x«t- 4 — 91 32. 5x
1 5. 2x-+- 1 7 — 19 . —18—2.
16. 5^'X 6 117 .^ . v I <J — X X ( # 34 5x — 2=4
17. 3x-f-72 =s 73. 35 4x -4 =4.
13. x +-16 z= 16. 36 3x - 14 - 26.
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Solve for x.
(1) 5x + 4 = 2x +10.
(2) 5x*4 - 4 = 2x +10 - 4. (1) - 4.
(3) 5x == 2x+6. same values
(4) ox - 2x - 2x+6 - 2x. (3) - 2x.
(5) ox = 6. same values
(6) x = 2 Ans. (5) * 3
.
Check
5 • 2 4- 4 = 2 • 2 4-10.
10 4-4 = 4 • 10
.
14 — 14-.
Solve for x.
1. 4x - 1 = 8x + 15.
2. 3x - 5 = 2x4-11.
3 . 3x — 4 = x 4- 6
.
4. 6x4-1 = 19+ 4x.
5. 2x+2 = 14 — x.
6. 3x — 20 — 5x — 5.
7. x - 3 = 57 - 3x.
3. lox — 2 = 5;: +46.
9. 9x — 14 = 103 — 2x.
10. ox — 2 = x + 11.
11. 5x - 4 = 2x+ 7.
12. x—-3 — 6 — 5x.
13. 7x — 2 = 5 — 7x.
14. 100 — 3x ss 200 — 15x
15. 5 +5x = 13 — 2x.
16. 5x4-4 = 14 — x.
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PROBLEMS
Make an equation from each problem and solve for the
unknown quantity.
1. On Tuesday l 1^ times as much steel was used as on
Monday. If 7 Hons were used on the two days, how much was
used on each day?
Let x =s amount of steel used on Monday.
Ihx = " " " " " Tuesday,
x +l'x = " " " " " both days,
xtl'x = 7\
2' x s 7" .
x — 7\ -7-2 1
;
(Both members divided by 2').
x = 3 tons. Amount used on Monday).
,
l;:-3 = 4: " " M " Tuesday). ns '
Add for check 7\ tons, total amount.
2. A turns out 2 times as much work as B. If together they
make 400 bolts in a day, how many are turned out by each man?
3. If 4 Limes as many boys work in the shop during the
morning as in the afternoon and their total output per day is
3030 wooden needles how much work is turned out in the shop
each session?
4. One piece of wood is 7 times as long as another. The
total length is 36 feet. Find the length of each piece.
5. The difference in the length of two pieces of wood is 16
feet. One is 5 times as long as the other. Find the length of
each.
6. A man earns 3 times as much as a boy. The difference in
wages is $13.60. Find the wages of each.
7. One side of a rectangle is twice as long as the other.
If the long side is 1' 2-h" what is the length of the short side?
8. The ratio of 2 sides of a rectangle is 3. If the Ion'; side
is 3 1 4 M
,
what is the length of the short side?
9. The ratio of 2 sides of a rectangle is 1.5. .hat is
the length of the lon T side if the other side is 8"?
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10. If two and one half times as much work oan be done
by an automatic as by hand and the total out put is 224 set
sorews, how much work is done by each?
11. A does 1*5 times as muoh work as B. If £500 pins oan
be turned out by both in 120 minutes, ho?/ many pins can each
turn out per hour?
12 • The men on an average receive 3* times as much as the
boys* If the wages for a man and a boy is $27*20, how much does
each earn?
13 • An automatic machine does 3 times as much work on a
certain job as a boy on a hand screw machine. If 4 machines
and 2 boys make 2100 washers, how many are make by one boy
and by one automatic? (Each boy's work to be equal)*
let x ss number of washers made by each boy*
3x a " " " " " automatic.
Ex & " " " " " the two boys.
12x = " " " n " four automatics.
2x +-12x = 2100
14x = 2100
x =s 150 (Both members divided by 14).
3x = 450
ins. 150 washers made by each boy.
450 " n n n automatic.
Check 2 -150 = 300 washers.
4 • 450 a 1800
2l05 H
14* An automatic machine turns out 2 times as much work
as a boy on a hand screw machine. If 3 automatics and 5 boys
work for a week, und the total output is 4800 studs how many are
turned out by each machine? (Each boy's work to be equal)*
15. A boy bought 4 times as much tea at 60^ per pound, as
coffee at 40^ per pound. If the total bill was $4.40 hov. many
pounds of each did he buy?
16. Harry makes 3 times as many small boxes as John does
large ones. For each box Harry received ,2^, for each box John
received 5^. If together they received $2*42 a day, how many
boxes did each make?
17. I paid a bill of #121 with #5 bills and ^2 bills, using 3
times as many 2's as 5's. Find the number of each that I used.
<*
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18. An automobile travels 3 times as fast as a horse. If
they cover 144 miles together in 2 hours, what is the rate of eaoh?
19. I have 5 times as many nickels as dimes and altogether
70^ • How many of each kind have I?
20. A works in the shop 7 times as long as B. If each
makes on the average 42 wooden needles per hour and the total
output is 672 needles, how many does eaoh make?
21. A hill of $656 was paid in $10 and $2 hills. If 8 times as
many 10' s as 2's were used, how many of each denomination were
used?
22* Mahogany costs 3 times as much as oak. A purchase
of 5 thousand hoard feet of each is made for $1500. What is
their separate costs per thousand hoard feet? (Let x =, cost per
thousand hoard feet of oak.)
23. Steel is 10 times as heavy as the wood used in making
large needles. If 4 steel and 12 wooden needles weigh 13 oz.,
what is the weight of each?
24. Two automatics and two hoys, on hand screw machines
can turn out 1620 v/ashers in a day. If the automatic does ±k
times as much work as the hoy, how many are turned out by each
boy?
25. If 25 percent more steel was used in February than in
January and the total amount was 185 tons, how much was used
in each month?
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FRACTIONS
Averages
!•' The
t
following are temperature readings in five rooms: 64-|-°
63° 68V, 64° 69-|-. What is the average temperature? Approx-
imate result*
2. The following represent the salaries of 6 men: $>18.25, $15*00,
#28*75, $20*50, $16.60, $21.55. What is the average salary? Ap-
proximate result.
3. A certain shop receives the following amounts of steel: Mon-
day 2450 lbs., Tuesday 4600 lbs., Wednesday 2f tons, Thursday
15040 lbs., Friday 1^ tons, Saturday 2000 lbs. What was the av-
erage amount received daily? Approximate result.
4. John used 4 lbs. 2 oz. of iron, Henry 8 lbs. 8 oz., and
Thome 8 10 lbs. 3 oz. What was the average amount used by each?
Approximate result*
5. One board is 10' 10", a second board is 22' 3", a third board
is 5' 6", and a fourth board is 8' What is the average length
of the boards? Approximate result.
Find averages in the following examples: -Approximate
results
»
1. 5 1 3"; 4 1 6"j 3' 2"; 8* 6"; 6' 8"; 7» 1".
2. 15 yrs. 7 mo.; 18 yrs. 6 mo.; 16 yrs. 4 mo.; 12 yrs.;
15 yrs. 1 mo.
3. 16 1 3"; 104' 10"; 54'; 60' 5".
4. 3,lbs. 2 oz.; 5 lbs. 6 oz.; 10 lbs. 7 oz.; 8 lbs.
5. 15 lbs. 4 oz.; 16 lbs. 6 oz.; 25 lbs. 5 oz
.
; 4 lbs.
4 oz.
MENSURATION
Measurements
First, approximate answers in all problems.
Measure the length and width of your desk to the nearest
eighth of an inch.
Measure the length and width of this page to the nearest
eighth of an inch.
Measure the width of a pane of glass in the room.
Measure the width of the window shade.
Measure the length and width of the room.
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Mensuration
1§ How did you measure the various lengths in the above ex-
ercises? Name units of length*
2* How oould you measure the surface on the top of your desk?
3* How would you measure the black board surface?
4* Define area*
5* Name the units by which we measure surfaces*
6. What is a square inch?
7* What is a square foot?
8* What is the difference, if any, between a square foot and
a one foot square?
9* What is the difference, if any, between two square feet
and a two foot square?
10* Define a rectangle*
11* Write a formula for finding the area of a rectangle*
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Find area of rectangles with the following dimensions, giving
answers in square inches and square feet* Approximate results
first.
1 = length w = width
1. 1 5 1 6" w —
2. 1 = 14' w — 4'
3. 1 3' 2" w =5 5 1 6"
4. 1 7» 6" w —
•
4' 11"
5. 1 = 15" w 35 11 1 1"
6. 1 —
*
25' w — V 19"
7. 1 3* 3" w — 2 1 4"
8. 1 w — 2' 1"
9. 1 14' w 5' 6"
10. 1 3' 6" V/ 2' 3fr"
11. 1 4* 4-|" w 2' 2i"
12. 1 2' X|" w l f 6i"
13. 1 2 1 2" w 2' -iJLn
14. 1 V l n w 3f"
15. 1 4" w jl"8
0
v
#
32
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TRIANGLES
ANGLE* If a straight line OX in figure 1 rotates about
the point 0 until it reaches the position OY, the amount of
rotation is called angle XOY»
Y
Fig. 1.
Divide the circumference of any circle into 360 equal
parts (arcs)* Draw radii from the extremities of any one of
these arcs to the center of the circle. These two radii form
an angle of one degree.
Any angle is measured "by the number of times it contains
the standard angle of one degree.
Rotate the line AB A B anticlockwise about A
as a pivot until it returns to its same position. You have
described an angle of 360°.
B 1
Rotate the line AB one fourth the way
around using A as a pivot until the line
assumes the position of AB 1 as shown
in figure 2. BAB 1 is an angle of 90*
generally called a right angle . Continue
rotating AB about A till it assumes I
the position AB" as shown in figure 2. B" A B
BAB" is an angle of 180° often called a
straight angle. F'g^*
RIGHT ANGUS. When one straight line meets another
straight line so that the two adjacent angles formed are equal
the angles are right angles.
OBTUSE ANGLE » An angle larger than a right angle and
less than two right angles is called an obtuse angle.
ACUTE ANGLE. An angle smaller than a right angle is
called an acute angle.
TRIANGLE. A plane geometry figure of three sides is called
a triangle
.
The point where any two of the sides intersect is called
a vertex.
(0
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CLASSIFIED .ACCORDING TO SIDES.
All sides equal - equilateral triangle.
Two sides equal - isosceles triangle*
No two sides equal - soalene triangle*
CLASSIFIED ACCORDING TO ANGLES
•
All angles equal - equiangular triangle.
A right angle - a right triangle.
An obtuse angle - an obtuse triangle.
All aoute angles - an aoute triangle.
PERPENDICULAR LINES • The sides of a right angle are
said to be perpendicular to each other.
ORAL WORK* Give examples of perpendicularity.
VERTEX ANGLE. In an isosceles triangle, the angle
opposite the base is called a vertex angle.
HYPOTENUSE. The longest side of a right triangle is
called the hypotenuse.
ADJACENT ANGLES are two angles that have the same
vertex and a common side between them.
A degree is divided into 60 equal parts, each of
whioh is called a minute. (5 minutes is written 5 f )»
A minute is divided into 60 equal parts each of
which is called a second. (30 seconds is written 30 M )»
PERPENDICULAR LINES meet at right angles. The
point D is called the foot of the perpendicular.
COMPLEMENTARY ANGLES are any two angles whose sum
is 90°.
SUPPLEMENTARY ANGLES are any two angles v/hose sum
is 180t
Note. The vertex of an angle is the
point where the two sides meet.
VERTICAL ANGLES are the two opposite
angles formed by any two intersect-
ing straight lines. Angles 1 and 2
or angles 3 and 4 are vertical angles.
MINUTES AND SECONDS.
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AREA OF A TRIANGLE
Give formula for finding the area of a triangle*
b a base h = altitude
Find the area of triangles with the following dimensions:
Approximate results first.
1. b 6' h 4'
2. b 6' 3" h 3' 2".
3. b 14 t 5 n h 10 6".
4. b 1' 6" h 4' 10 n .
5. b 7» 5" h 6' 3".
6. b 2' 4i" h 6' 6 M .
7. b 2 1 sir" h 2' »
8. b 4' 3" h 2 1 -tXnJ-2 •
9. b l 1 1" h 1' ^2 *
10. b 5' 2i" h ^2 •
PERIMETER
PERIMETER is the distance measured around the outer boundary of
of a plane figure.
The perimeter of a 3 foot square equals what?
The perimeter of rectangle 4 , X3 I equals what?
What other name do we use for the perimeter of a cirole?
Approximate the perimeter of the top of your desk. Measure
it and compare answers.
EXERCISES
1. What are the dimensions of a square v;hose perimeter
is 64*?
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2» What are the dimensions of a square whose perimeter
is 100* 8"?
3. What are the dimensions of a rectangle whose length is
twice the width and whose perimeter is 60 inohes?
4. What are the dimensions of a reotangle whose length is
five times the width and whose perimeter is 104 inches?
5. What are the dimensions of a rectangle whose length is
four times the width and whose perimeter is 87 feet?
6« What are the dimensions of a reotangular hoard whose
length is ten times the width and whose perimeter is 40' 6"?
7. How long is a side of an equilateral triangle whose peri-
meter is 72'? 106'? 6 1 6 H? 20' 3 H ?
8» How long is the leg of an isosceles triangle if the "base
equals 44' and the perimeter equals 188'?
9. Find the dimensions of a rectangular field if the length
is 15 1 more than the width and the perimeter equals 110'.
10* Find the dimensions of a rectangular field if the length
is 4&I" 1 more than the width and the perimeter equals 315 ' •
11. Find the dimensions of a square field whose perimeter
equals 47.8 feet.
12. Find the dimensions of a rectangular "board whose
length is 2 1 6" more than the width and whose perimeter equals
15.5 feet.
EXERCISES IK BSTBIATIOB
1* Estimate the lengths of the 4 accompanying lines.
2. Estimate the average of these 4 lines.
3. Measure the lengths of the lines and ——
compare answers with estimates in example 1.
4. Work out the average and compare answer with esti-
mate in example 2.
5. Bs3&mcte the perimeter of the top of your desk.
6. Estimate the perimeter of this page.
7. Estimate the length of the diagonal cf this page.
8. Estimate the oost of the wood in the class room floor
if it averages 8 cents a square foot.
9. Estimate the number of square yards in the blackboards
of your class room.
10. Estimate the cost of the glass in the windows of your
room if the average cost is $1.50 per square yard.
11. Estimate the length and width of the ceiling in the
class room. Estimate its area.
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CJLASS WORK »
The students should "be asked to estimate the size of
screws, taps, "bolts, etc., the thickness of pieces of wood and
steel, and the diameter of different samples of round stock*
MBASUHMSKTS
Draw a six inch ruler. Divide (mark) each inch into halves,
fourths, eighths, and sixteenths.
Draw four lines having the following length: If", 2f",
Iilll nln
Find the average of these four lines. Draw a line equal in
length to this average.
Draw a 2" square. Draw and measure the diagonal*
Draw a 2^" square. Draw and measure the diagonal.
Draw a rectangle 2" by li-". Draw and measure the diagonal.
Draw an equilateral triangle, each side equal to 1". Draw
a perpendioular line from one vertex to the opposite side,
measure its length.
Draw an isosceles triangle whose legs each equal 1^"
and whose base equals If". Find, by measuring, the length
of the perpendicular line drawn to the base from the oppo-
site vertex.
EXERCISES
1. Define right angle, complementary angles, supplementary
angles, obtuse angles.
2. Dravr two adjacent complementary angles.
3. Draw two adjacent supplementary angles.
4. What is the complement of 52° 15' 51"? 78°
40' 39"? 16° 14' 15"? 89* 45"? Find the supplement of
each of the above angles.
5
o
. What is the complement of 150°? 41c ? 62^°? N°?
(N-IO)* ? Find the supplements of the above angles.
6. What angle is three time;;- its complement?
7. What angle is twice its supplement?
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8. What angle is five times its complement?
9. What angle is four times its supplement?
10. One straight line meets another straight line so
that the two angles formed are in the ratio 1 to 8. Find
the size of the angles. Draw a figure.
11 . What angle is formed by the hands of a clock at
3 o'clock? at 6 o'clock? at 4 o'clock? at 5 o'clock? at
1:30 o'clock? at IE: 15 o'clock?
12. Find the angle formed by lines drawn toward Lorth
and East; S and St B; E. B. and S. B; K and S; N. E.
and B; H. E. and W; S. E. and S. W.
13. If a and b are supplementary angles what will
a . b equal? Draw a figure.
2 2
Parallel lines are two lines in a plane that never
meet
.
A transversal is a line cutting the parallel lines.
B /c
Angles A, D, B 1 and C are interior angles.
Angles B, C, A' and D' are exterior angles.
Angles A and C are alternate interior angles and are
equal.
Angles B and B 1 are corresponding angles and are equal.
Vertical angles are equal. (Gut out two vertical angles
and compare them)
•
Angles £ and C are supplementary.
AXIOMS AUD POSTULATES
»
Review the four axioms studied under equations.
!• Things equal to the same thing or to equal things are
equal to each other.
2. If unequals are added to equals the sums are unequal in
the same order
t
3. If unequals are subtracted from equals the remainders
are unequal in the opposite order.
4* The whole is equal to the sum of all its parts.
5. The whole is greater than any of its parts.
I
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6» If the first of three numbers is larger than the
second, and the second is larger than the third, then the
first is larger than the third.
7» Two points determine a straight line.
8. A straight line is the shortest distance between
two points*
9» Two straight lines can intersect in only one point.
10» All right angles are equal.
We oan show by an informal proof that:
1. If two parallel lines are cut by a transversal a
pair of alternate interior angles are equal.
2» If two parallel lines are cut by a transversal a
pair of alternate exterior angles are equal.
3. If two parallel lines are cut by a transversal a
pair of corresponding angles are equal.
4. If two parallel lines are cut by a trcnsversal "the
two interior angles on the same side of the transversal are
supplementary
.
iXSBCISSS
1. If in the annexed figure, angle
A, is 25, find the size of the
other seven angles. Draw figure.
2. What name is given to angles al
and bS?
5. What name is given to angles a2
and b4?
What name is given to angles b2
and bS?
6.
7.
8.
If a — b, hov: does a-t-c compare with
b + c and why?
If a = b, compare a — o with b — a. Give reason.
If a s b, compare ac with be. Jive reason.
If a = b and c = d, compare a-*-c and b+-c. Give
reason* Compare a and b. Give reason.
c d
If x z= 2y and x = 48, why will 2y =s 48?
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49
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
In the annexed figure BC = JbJ). Why
does AB4-B0 = AB + BD?
If in a similar figure BD =: AB and
BG => BD, why will AB m BC?
IfZAOB = 90° andZA'O'B 1 s 90" and
Zl =Z3, why doesZ.2 =Z4?
If AC = BC, why does AB m CD?
If/BAG =^CBD and/ACB =±ZCBD,
why doeszS-IC =/ACB? <
C
21.
& O'
IfZA =z.C, why aoesfc/A = £ZC?
Gut out a paper triangle.
Gut off the three angles
and place them so that the
vertices are all at the a
same point and the first
angle is adjacent to the
seoond, and the second ad-
jacent to the third. These three angles,
according to your experiment, equal how
many right angles? How many degrees?
Try the sume experiment with any four sided
figure (quadrilateral). State the rule
or theorem that applies to the sum of the
angles of a quadrilateral.
Two angles of a right triangle are equal.
How many degrees are there in each angle?
In a triangle, one angle is double the second
and the third equals the sum of the other
two. i^ind the size of each angle.
In a triangle one angle is twice as large as
another and the third angle equals twice
the sua of the other tv/o. find the size
of each angle.
6'
In the annexed diagrams three straight lines
intersect at o, forming six angles so
thatZ.b = Zc
.
If angle a = 100°, find the other
five angles.
If angle b m 24°, find the other
five angles.
t
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If angle a = 92? find the other five angles.
If angle o = 15* find the other five angles.
If angle f — 41°, find the other five angles.
22. In the above diagram if/a is three times as
large aszb andZb =Zc , find the size of the six
angles.
23. imOC = 115 T/d = 94°, find^b.
24. IfZBOS m 68° and/f =/e , findZb and^c
.
25. IfzAOC = 105 c and/d = 2(/e), find/a.
26. If^b m& t prove thaiZ^OC =/!COE.
Geometrical Construction.
1. Construct an equilateral triangle, each side 2 inches
in length.
Draw AB equal to two inches.
With A as center and « radius of two inches swing an
arc
.
With B as center and the same radius swing another
arc, intersecting the first at C.
Join A with C and B with C.
ABC is an equilateral triangle each side two inohes
in length.
Formula Side = a
Perimeter "P=3a
Area A- v^Ta1"
4
2. Construct a right angle (90° angle).
Draw a circle whose radius is 1 inch.
(any radius would be satisfactory)
Draw the diameter A B. A
Join any point on the circumference such as C and A
with B.
Angle A C B is a right angle. C
(Note. A C is said to
be perpendicular to C B.
C B is said to
be perpendicular to A C.
C
4'
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3» Construct one line perpen-
dicular to a given line,
and also "bisecting it.
Given line AB. !Eake A
as a center and with a
suitable radius describe
an arc Take B as a cen-
ter and with the same ra-
dius describe a seoond
arc, intercepting the
first at C» Draw simi-
lar aros below AB, inter-
cepting at D. Join CD.
CD is the perpendicular
bisector of the line AB.
4. Construct within a circle a square whose
tices all lie on the ciroumference of
circle (called an inscribed
square). Describe a circle
and draw a diameter AB.
Construct a perpendic-
ular bisector (CD) to
AB as drawn in exer-
ver'
the
cise 3. ACBD is an in-
scribed square.
formula: r — radius of circum-
ference of circle.
P =
\ X \
\ \ v t / /
D
5. To construct a regular hex-
agon. Describe a circle with
an.y desired radius* Take
any point (as A) on the
circumference as a center
and with the Scxme fixed
radius describe an arc,
intercepting the circum-
ference at B. T#ith B as
center and the same radius
describe a second arc, cross-
ing the circumference at C.
Continue drawing these arcs
until the circumference has been divided into
six equal parts (or arcs). Join the success-
ive points.
ABCDEF is a regular hexagon.
Formula
:
Perimeter P = 6r
Area A — l-j/SV*
f
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GEOMETRICAL CONSTRUCTION
1. Construct a straight line equal to
the given line AB. Use oompass. A B
2» Construct a circle whose radius = AB.
3. Construct a line equal to 2 AB.
4. Lav off on XY a line equal to AB. X . g Y
Y/ith X as centre and a radius equal to AB.
construct an arc cutting XY at £. X2 = AB.
5» Bisect an angle AOB. E>
With 0 as a centre and any
convenient radius draw an arc S\
CD meeting OA at C and OB at D. s//
~~~\'"'
With C and D as centres and a o^*"" li= ^
convenient radius draw arcs intersecting at'
B. OS "bisects the angle AOB and is oalled its
"bisector
.
.Exercises
1. Draw two lines AB and CD. Draw a line equal
to AB + CD.
2. Draw a straight angle ane "bisect it.
3. Bisect one of the two right angles formed in
example 2.
4% Draw a triangle and bisect all the angles.
5. Divide an acute angle into 4 equal angles.
6. Construct angles of 90°, 45°, 22i*
7» Construct an angle of 135°.
8. Construct the supplement of a given angle.
9. Construct the complement of a given angle.
10 . Construct an angle equal
to angle A.
11 • Construot 8 rectangle !§-" by 2" and test for right angles
by measuring the diagonals. Compare with answer found "by
computing the length of the hypotenuse.
12. Construct a 2" square. Test as in example 11.
13. Draw an equilateral triangle on a side. Bisect each
angle. Notice where the bisectors intersect.
14» Find perimeter and area of the triangle in example 13.
15. Draw a regular hexagon 1" on a side. Find the perimeter
and area.
16. Construct a regular duodecagon (12 sided figure).
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PYTHAG03BAIJ THBOHBM
Draw & line 4/4"
long. Construct a
second line 3/4" long
and perpendicular to the
first as shown in the
annexed figure. Form
a triangle "by joining
the ends ox these two
lines and measure the
length of the third side.
On each side of the
triangle construct a square. Compare the sum of
the areas of the squares drawn on the tw© sides with
the area of the square drawn on the hypotenuse.
Let a* — area of square on one side.
"b* = area of square on other side.
c* = area of square on hypotenuse.
Then according to the experiment above
c
1
-
- a
x
* bl
a'
\ c'\
Find the hypotenuse of a right triangle if the
sides are respectively 3 inches and 4 inches.
(1) c 2 - a* 4 b*
Substitute in formula,
a ss 3 and b = 4
(2) ol = 9tl6
(3)
(4)
- 25
0=5 ins
formula
substitution
same values
HTSJ
Find the length of the unknown side if the
hypotenuse and other side are respectively:
1. 15" and 9"
2. 26" and 10"
3. 30" and 18"
4. 35" and 28"
5. Find the length of the two sides of
a right triangle if the one side is twice as
long as the other and the square of the
hypotenuse is 125.
6. The two sides of a right triangle are
in the ratio of 1 to 3; anc- the square of the
hypotenuse is 40. Find the length of the sides
r
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7. The two sides of a right triangle are
in the ratio of 3 to 4 and the hypotenuse is
10. Find the length of the sides*
8. Find the length of the unknown sides
if the square of the hypotenuse is 500 and one
side is 4 times as long as the other.
9. The ratio of two sides of a right
triangle is 2 to 3. Find the length of the sides
if the square of the hypotenuse is 117.
10. The diagonal of the square is 10." Find the
length of the side.
-r
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SOLIDS
State formula for finding volume of a rectangular solid.
1 = length w =s width h = height
Find volume in cubic feet and cubic inches of
rectangular solids, having the following dimensions:
Approximate results first.
1 .JL . 1JL w 3' h 2 1
2 > 1 4 3" w1 2
'
hIX 3 1 6"
3
.
1J- 7 1 5" ff 4' 6" hXX 2 ' 1"
4* 1 12' 6" w 25' h 17"
5. 1 15 1 6" w V 4" h 2"
6. 1 2' 4 n 7/ V 1*" h 4"
7. 1 i' 3i" w 8" h
8. 1 3' £" w 2* XI h 3"
9. 1 18' w 4 1 6" h 1' 2|"
10. 1 8* w XH h
11. What is the weight of square stock of iron 10
and 2" on a side? (One cu. in. of iron weighs .28 lbs.)
2X2 = 4 sq. in. (area of cross section)
10 1 = 120"
4X120 = 480 cu. in. (volume of the stock)
480 X. 28= 134.4 lbs. Ans.
12. What is the weight of a peice of iron stock 2* long and
a cross section 1" by i-"?
13. How much will iron stock cost if it is 20' long with a
cross section l£" sq., the cost per pound being 4 cents?
14. What is the cost of 50 bars of iron each being 14' long
with a cross section li" by?", if 5-| cents is the cost per
pound?
15. What is the weight of joist 10' long, 4" wide, and 3"
thick if a cubic foot of the wood weighs .6 lbs.?
16. If a cubic inch of iron weighs 4f oz., find the weight
of an iron bar 2 yds. long with a cross section 2" square.
II
I f —Br I
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Note—The answer to example 16 oan "be obtained by using
the following formula:
Let x as sq. inches in cross section of iron "beam*
$ = length of "beam in yards*
w ss weight of "beam in pounds*
Formula: to get weight, find the product of 10, x, and y»
w r= lQxy
17 • Find according to the formula, the weight of 15 iron,
"bars, 4' 6" long with a cross section 1" square.
18» Find the weight of a "bar of iron l 1 long with a cross
section Lj" by f "
.
19. Find the weight of a piece of rectangular stock if the
length is 3' 9" and the area of the cross section is l|" sq.
inches
•
20 • Find the weight of a bar of iron 4' long with a cross
section 2" by J n .
t
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Approximate numbers
Draw on the board a straight line and have some pupils
in the olass measure its length. Write their measurements on
the board. Suoh measurements are not exact. They are called
approximate numbers. The carpenter, the electrician, the mach-
inist and others use approximate numbers.
Numbers which are the result of counting are exact. For
example 6 boys is an exact number.
Numbers which are the result of measurement are approximate
numbers.
If we want to find the area of a rectangle whose dimensions,
aocording to measurements, are 2.4" and 3.68" the accuracy of
the answer depends on the numbers given in the problem. The
first dimension is the least accurate of the two and determines
the accuracy of the answer. Therefore, we round off the second
dimension to 3.7" and the example beoomes
A as 2.4 x 3.7 = 8.9 sq. in. Ans.
Rule: (For multiplying and dividing approximate numbers).
The answer can be no more accurate than the least accurate num-
ber you start with. If one of the given numbers is known to four
figure accuracy and another is known to two figure accuracy, your
answer will be known to only two figure accuracy.
tr-
c
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Addition and Subtraction of
Approximate Numbers
Rule: Llake all numbers have the same degree of acouracy
Round off numbers in order to do this*
Example: Add 5.4
2.78
We cannot find the sum of the hundredths column because
we do not know the hundredths in the first number. Therefore
we round off 2.78 to 2.8 because our answer can be no more ac
curate than the least accurate number. The example becomes:
Add 5.4
2*8
8.2 Ans.
The same rule is used in subtraction of approximate num-
bers .
1. Add 2.6 in. and 4.761 in.
2. Add 14.56 ft., 61.5 ft. and 72.424 ft*
3. Subtract 4.5 ft. from 4.82 ft.
4. Subtract 12.16 ft. from 80.4 ft.
5. Subtract 1.5 in. from the sum of 4.61" and 1.872 1'.
<
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APPROXIMATE COMPUTATION
Addition Subtraction
£5*8
2.15
.717
.00489
40.86
5.141
35. 719
28.67189
Ans. 28.7 Ans. 35.72
The degree of accuracy in the result cannot
be greater than the degree of accuracy of the
weakest number. Therefore don't retain any more
decimal figures than are in the weakest term.
This is true in the four processes.
The result cannot be expressed exactly.
The degree of accuracy attainable depends upon
the ambition and persistency of the calculator.
(The value of ir has been computed by Shanks to
707 decimal places).
Retention of figures
.
In discarding figures,
if the first discard is a 5 or more, increase
the preceding figure by one; if the discard is exao
a 5, leave the last figure retained as an even
number
.
For example
:
In multiplication retain in all the factors
only as many significant figures as there are in
the weakest factor.
Contracted method of multiplication illus-
trated:
1) Reverse order of multiplier.
2) Decimal point located in first
partial product.
3) Comparison of products to determine
the number of figures known to be
correct
.
6.428 becomes 6.43
6.424 " " 6.42
6.425 " " 6.42
6.415 " " 6.42
MULTIPLICATION
v.
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2.5
2.5
5.0
1.25
6.25
The product of 2.5 times 2.
" 2.5 " 5.
The following example shows the extra numbers
used in computation, which add nothing to the
result.
1.462
56*7
10234
11696
7510
85.8194
Contracted method of multiplication.
1.462 Multiply 1.462 by 5. Disoard 2.
58.7 Multiply 1.46 "by 8. 8 Xthe discarded
73.10 2 a 16 nearer 20 than 10. Carry 2.
11.70 Discard the 6. Multiply 1. 4X7. 7x
1.02 the discarded 6 = 42 nearer 40 than 50;
85.82 carry 4.
Notice that the decimal point is located
in the first partial product.
Multiply 1. 3.82 by 40.8
2. 158.6 by 2.34
3. 70.45 " 21.24
4. .642 " 82.5
5. 18.94 " 2.476
6. .0943 " 24.82
7. .00825 " 564.44
8. 3.82 " 58.6
9. 30.61 ,f 50.42
10. 80.4 " 1.34
by .05824
DIVISION
In division retain in all the factors only
as m^ny significant figures as there tre in the
weakest factor.
(
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Contraoted method of division illustrated:
1) Decimal point located by means of estimate*
2) How contractions may "be made*
3) Figures of the answer known to be correct.
2.87 2.87
5.47)15.7000 5.47)15.700
10.94 10.94
4.760 4.76
4*576 4.28
3840 38
3829 38
11
Contracted method worked as follows:
Divide 15.70 by 5.47. Find first quotient, multiply
and subtract as usual.
Discard 7 and divide 476 by 54 and quotient is 8.
Multiply 8 by discarded 7 and product =s 56 which is nearer 60
than 50. Therefore, carry 6. Then 8x4 rs 32. Add 6 which
will give 38. Put down 8 and carry 3. Continue multiplication*
In the third division discard the 4 and divide 38 by 5,
quotient being 7* Multiply 7 by discarded numbers only to find
out what to carry* 7X47 is nearer 300 than 200. Garry 3. Then
7X5 sa 35. Add 3 which gives 38.
Since the weakest factor has 3 significant figures, the
answer will be correct to only 3 significant figures.
Divide
:
1. 42.5 by 3.84
2. 164.4 by 8.432
3. 18.2 by 4.62
4. .564 by .804
5. 408.0 by 2.462
6. 50.4 by 2.38
7. 3.426 by 34.48
8. 1.46 by .802
9. 84.10 by .4092
10. 5.25 by 125
11. 1*42 by .68
12. 48.6 by 2*5
13. .560 by 1.24
14. 3.75 by 1.5
15. 1000 by 3.375
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SQUARE ROOT
1 Z ^ 1, 10* s 100, 100* - 100,000, 1000* = 1,000,000
The square root of any number between 1-100
lies between 1 and 10.
The square root of an.y number between 100-1,000
lies between 10 and 100.
Therefore, the square root of a number of one
or two figures is a number of one figure, the square
root of a number of three of four figures is a num-
ber of two figures, etc.
According to this, how many figures will be in
the square root of 1156?
In order to find ou$ number of figures in
the square root, mark off groups of two numbers
from the right. There may be one or two figures
in the last group towards the left. The number
of groups will equal the number of figures in the square
root.
The square root of a number Cun be found by the
trial method.
The square root of 900 s 30
n
" » 1600 m 40
Approximately the square root of 1156 = 35
Divide 1156 by 35
33
34
35 ) 1156 Use the mean
between 33 and 35
as a new divisor.
34 ) 1156
105
T06
105
102
136
136
Find by the trial method the square root
of the following numbers:
1.
2.
3.
4.
5.
676
2£5
361
625
1936
6. 1024
8. 2809
8. 289
9. 441
10. 1444
11. 841
12. 5625
13. 9216
14. 11025
15. 13225
The trial method of finding the square
root is improved by using the contracted method
of division.
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Example: Find the square root of 317
•
The square root lies between 17 and 18 hut
is nearer 18| therefore, our estimate is 17 .6.
18. 17.8
17.6 )""3T7 17.8 ) 3l? 18 is too large
176 178 17.6 is too small.
141 139 The new divisor is
141 125 half-way between
14 them.
14
It is possible that one has to divide twice
depending on the approximate answer.
Find the square root of the following numbers:
(Carry out to three decimal places).
1. 576
2. 225
3. 961
4. 5329
5. 2500
6. 60025
7. 161604
8. 9734400
9. 250
10. 300
11. 1460
12. 5
13. 2
14. 128
15. 1500
When a number contains a decimal point mark
off in groups of two numbers each, left and right,
from the decimal point.
Example: 4^6^7 8fe(/5
Find the square root of the following num-
bers to three decimal plaoes:
1. 5.76
2. 2.25
3. 53.29
4. 600.25
5. 5.0625
6 . 14 .
5
7. 6.7324
8. 28.405
9. 115.6
10. 3.6
Application of square root .
a* + b*" = c
z (Pythagorean theorem) •
p
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.
Given the lengths of the two sides of
the right triangle a = 2, b = 5.
To find the length of the hypotenuse c:
Substitute in above formula.
2*+ 5* = c x
44-25 = o*"
29 - o x
729 = c
c = 5.385+
In the following examples let a and b represent
the lengths of the sides and c the length of the
hypotenuse in a right triangle.
Find the unknown side.
a b c
1. 25 60 45
2. 36 65
3. 60
4. 1 .75
5. 2 3
6. 40 10
7. 5 20
8. 1 2
9. 4 5
10. io ZS
11. A brace is so plaoed that one end
from the foot of the fence and the other end
reaches a point on the fence 8 ft. above the
ground. How long is the brace?
12. In laying out a plot for a house lot, etc.,
the diagonal is often measured to test for a
perfect rectangle. How long should the diagonal
measure for a house lot 30' by 40 1 ?
13. A plot for a garage is 40 1 by 100'. How
long should the diagonal measure?
14. A rectangular plot is 30' by 80 1 . Find the
length of the diagonal?
15. Measure the sides of this page and work
out what the length of the diagonal should be.
Measure the diagonal and compare with your
previous answer. Is this page a perfect rec-
tangle? Why?
ri
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SCKSW
(angle between threads = 60°).
The distance AC which is called the
pitch of the screw is equal in
length to AB or BC.
The distance BD is called the depth*
"2-AD 3 -J-AB
Find the depth of screw if pitch = 1'
AB a 1" AD » im DB = X
Pythagorean theorem.
z
a
H- (i)
z
= l*
xVi%
i
= 1 - i
X = tl - "Vs"- 1*752 _ .866 MS.
" 2 " 2
Find the depth of a thread if the
1.
2.
4.
5.
itch 5 I"
_ in
— S
it —
= 2*"
= li"
FORMULAS
A formula is a general rule expressed in al-
gebra by letters or symbol.
The area of a rectangle equals the length multiplied
by the width.
Let A — area of rectangle, 1 = length,
w a width.
Then A s lw is the formula for the area of a rec
tangle
•
Q
INDUSTRIAL MATHEMATICS I.
1. From your work on the perimeter, work out a
formula for finding the perimeter of a square; an
equilateral triangle; a rectangle.
£• Work out a formula for finding the volume of a cube;
(length of edge = x) ; of a "box (length as 1, width = w,
height — h)
»
3* If m = the weight in lbs. of one cu. ft. and
v 35 volume in ou. ft. and w m total weight, work
out formula to find w in terms of m and v.
4. Work out formula for finding d (density), the
weight of one cu. ft., if you know w and v.
5» Write formula for finding the weight of v
ou. ft. of water if one ou. ft. weighs 62.4 Ids*
Work out formulas for:
It Changing ft. to in. i = 12 f Ans.
2* " yd. to ft.
3* H yd. to in.
4. " rd. to ft.
5» M miles to feet
6* " miles to yards
7» " Sq. yards to sq» feet
8. " sq. feet to sq. inches
9. w sq. yards to sq. inches
10. H ou. yards to cu. feet
11 • " cu. feet to cu. inches
12. " ou. yards to cu. inches
13 • ! dollars to cents
14. " tons to lbs. (short ton)
(long ton )
15 " pounds to ounces
16. M hours to minutes.
Work out formulas for:
1. Changing inches to feet
2» " feet to yards
3. " feet to miles
4. M sq. feet to sq. yards
5» " sq. inches to sq. feet
6. " Cu. feet to ou. yards
7. " cu. inches to cu. feet
8. H cents to dollars
9» " ounces to pounds
10. w minutes to hours
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11. Write formula for finding area (A) of the
floor and the ceiling in any room similar to your
class room.
12. Write formula for finding the area of the four
sides of a rectangular "box whose dimensions are l t
w, and h.
13. Write formula for finding the area of the six
surfaces (called lateral area) of the above rectangular
box.
SUBSTITUTION IB FORkUIAE
If, knowing the values of 1 and w, we substitute
them in the above formula we find the value of A
directly . Therefore, the above is called a direct
formula for A.
We may, however, find the value of 1 or w pro-
vided we know the other two values. We reach the
result indirectly . Hence it is called an indirect
formula for 1 or for w.
Substitute in the following direct formulae:
1. Y = lwh 1 = 10' w = 6* 6" h = 4'
2. D = — w = 8.5# v = 3.5
3. W.=~— 1,= 2i 1 4= 3 wl= 5
4. l t = 1,= 2 w, = 8 w a = 9
5. D = vt v = 15.5
6. W = 62.4?
7. V = 231g
8. F =BR B = 1200 R = bfo
9. I = prt p - 200 r - .06 t = 3
10. G =1TD ir = 3.1416
11. G riTD
12. C = 21TR
t 19
V 24cu. ft.
g 52 gallons
D 4
D 2.5
R 2
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13. G a £nR R = 1.25
14. A
-itRx— II *V R — 3A.V mmm %J
15. A R S t*
16. T
g
t,= 14 t x = 18
17. A - h(a + Id)
2
h = 1 a a 4, d a 3
18. L a 25S S a 16
19. 1 = 21w4-21d + 2dw 1 = 14, w = 9,
Substitute in the following indirect formulae:
1. A = lW A a 15 w = 2i 1 = ?
2. X — x, xtx t X, a 10 x a 15 x — 3
3. P = 21 + 2w 1 36 6i P as 16 w a ?
4. V = lwd V -42 w = 3.5 d = 2
5. Lk =3 2irrd LA = 88 TT := 3? d = 2
x a=s ?
1 = ?
r a ?
Evaluate the following formulae
:
1. ab + bc-*-ao a = 5-jg- "b = 16^-
abc
2. (a + b^ / C \
3 • d ( w*w')
w w
4. a z -t-b*- y o
a v b o
a = 10 b = 5.5
d =S .75 w l = 345
a = 2 b = 1
o =
o —
o a
4.25
125
3
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USB OF FORMULAE IN MENSURATION
Triangle
Find the perimeter of an eauilateral triangle whose
side = S. P = 3S
Find the area of an equilateral triangle whose side = S
A
-W S 1-
4
Find the perimeter and area of equilateral triangles
whose
1. S 2" 6. S JLrt2
2. s 6" 7. s J-2
3. s 15" 8. s A"9
«. s V 9. s
5. s V 6" 10. s 2»"
Square
Find the diagonal of a square whose side = S
D =TTs
Find the area of a square whose diagonal = d
A = £ dl
Find the diagonal of a square whose
1. 3 = 4" 5. S =s f"
2. S s If 4" 6. S = li«
3. S = liH 7. S =
4. S = 1» Z." 8. S = 14"
Find the area of a square whose diagonal (d) is
equal to the following lengths:
1. d s 4" 5. d s li"
2. d = 16" 6. d =f
"
3. d m l 1 4" 7. d = *"
4. d = 1« 3" 8. d = IT"
Qw
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Cirole
D = diameter r = radius
C = oiroumferenoe A ss area
c = ttD or C = 2wr A =irr
1
Find the oircumferenoe and area of circles
whose
1. D 4" 6* D 3.6
2. r 2" 7. r 2i"
3. r 5' 8. r 1* 6"
4. r 14 1 . 9. D ' 8
5. D I 1 10. r
Cylinder
Cylindrical volume — V
V = area of "base x height of cylinder
area of base — TTr 1
height of cylinder = h
V rzuR^h
Find the volume of oylinders having the following
dimensions. Find approximate answers in all problems.
1. r 2 M h 20
2. r 3" h 2 1
3. r V 2" h 5'
4. r 2.5 U h 6"
5. r in2 h jli2
cc
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Find the volume, first by approximating and second
by Using the formula, of cyl» stook with the following
dimensions
:
1. 1" in diameter and 2*« long*
2. in diame ter and 10" it
3. 2" n it ii 2 1 it
4» 4 n n H 15' n
5. -3.lt4 n
n It 5 1 it
Lateral area of a cylinder = S»
Total area of a cylinder = T
S = HDh T ss-nDh ^2^""
Find the lateral area of a cylinder whose •
!• r = 2" h s 10" 6* r = lV h = 5"
2* D = 3 1 h = 8' 7. D = 2 1 1" h = 4' 4"
3. D = 4" h S3 4» 8. D = 3" h = 1" 3 n
4. r = 2" h = 8 1 9* r = 3 1 2" h = V 2"
5. r = 1" 10. r = 3 1 2 " h = 12 i 4"
11. How many square feet of tin would he required to make
a pipe (cylinder) whose length is to he 10 1 6" and the
diameter of the base, l 1 3"?
12. What is the outside lateral area of a cast iron pipe,
15 1 long and 4 1 £" in outside diameter?
13. Find the cost of iron in a cylindrical boiler 10 1 in
diameter and 22' long if the cost is 2 cents per square
foot?
14. Find the number of square inches in a cylindrical pipe
whose diameter is lin and whose length is 84" •
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Miscellaneous Jblx»
1. Find the perimeter and area of an equilateral tri-
angle whose side is 2 inohes, 5 inches, 1 inoh, and
3*5 inches.
2* What is the length of the diagonal of a square whose
side is 1 inch? 2 inches? 2 inches? 5 inohes?
3. What is the area of a square whose diagonal is 1 foot?
2 inches? 3 inches?
4* Find the circumference of a circle whose radius is 3
inches*
5* Find the area of a circle whose radius is 2 feet 6
inohes
•
6* What is the circumference of a pulley whose diameter
is 8 inches?
7* How much tin is used to make a cylinder without the
ends if the diameter of the "base is 10 inohes?
8* How much tin would he needed to put a top and "bottom
on the cylinder in example 7?
9. Find the amount of stock in a circular piece of steel
whose diameter is 1 inch and whose length is 15 inohes*
10. Find the amount of stock in a circular piece of iron
whose diameter is f- inches and whose length is 4 feet and 6
inches*
Hexagon
Hexagon is a plane figure of six sides.
Regular hexagon is a plane figure of six sides, all
sides and all angles equal*
P s perimeter, A = area, length of side = a
Formulae
P = 6a
A s£-Y5" a1
c
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Find the perimeter and area of a regular hexagon the
length of whose side is
1. 1" 6. 5.7"
2. 5" 7. .25"
3. 24" 8. 1.25
4. 9. 1' 2
5. 10.
Work out formula for volume of hexagonal steel. Find
the volume of Hexagonal steel, if
1. side of the hexagon 1" and the length of the
stock 36"
2. side of the hexagon ^" and the length of the
stock 3' 6"
3. side of the hexagon 1-|-" and the length of the
stook 10' 4"
4. side of the hexagon f" and the length of the
stook 8'
5. side of the hexagon 7/8" and the length of the
stock 6'.
METRIC SYSTEM
What units do we use ordinarily in measuring lengths?
surfaces? volumes?
The following is the metric system of weights and
measures. The meter is the principal unit of length.
This system of weights and measures is easy to work
with mathematically as the different units increase or de-
crease "by multiples of ten (10). Therefore, it is possitle
to change from a unit to the next larger unit by moving the
decimal point one place to the left, and to the next smaller
unit by moving the decimal point one place to the right.
250. dm sa 25 »m
250. dm a 2500. cm
Only similar units of measure can be added or subtracted.
Add 15dm-*- 500mm viOcin. Ans. in cm.
150cm + 50.0om + 10. cm = 210orn Ans.
I
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Metric Measures*
10 millimeters (mm) s
10 centimeters =
10 deoimeters =
10 meters =
10 dekameters =
10 he/ktometers =>
Lengths
1 centimeter (cm)
1 decimeter (dm)
1 meter (m)
1 dekameter (dkm)
1 he/ktometer (hm)
1 Kilometer (km)
Surfaoe
100 sq» millimeters (qmm)
100 sq» centimeters
100 sq» decimeters
= 1 sq. centimeter (qom)
— 1 sq. decimeter (qdm)
sa 1 sq. meter (qm)
Volume
1000 ou. millimeters (omm)
1000 ou. centimeters
1000 cu. decimeters
1 ou. centimeter (com)
1 ou. decimeter (cdm)
1 ou. meter (ohm)
10 milliliters (ml)
10 centiliters
10 deciliters
10 liters
10 dekaliters
10 hekoliters
Capacity
1 centiliter (cl)
,
1 deciliter (dl)
1 liter (1)
1 dekaliter (dk)
: 1 hektoliter (hi)
1 kiloliter (kl)
Weights
10 milligrams
10 centigrams
10 deoigrams
10 grams
10 dekagrams
10 hektograms
1000 kilograms
(mg) 1 centigram (eg)
1 decigram (dg)
1 gram (g)
1 dekagram (dkg)
1 hektogram (hg)
1 kilogram (kg)
1 me trio ton It)
1mm
lorn
ldm
lm
•04 inch
.39 "
3.94 "
39.37"
Equivalents
1 inoh
1 foot
1 yard
1 mile
2.54 om
30.48 cm
.91 m
1.61 km
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Approximate Bquivalents
1 inch 3 25 mm
1 yard = .9 m
1 meter m 1.1 yd
1 on. inch ss 16 ocm
1 gram = 15-§- grains
1 kilogram s 2 l/5 lb. av.
1 pound av. — 5/11 kg.
1 pound troy~sa 5/l3 kg.
1 oz. = 30 g (app.)
1 cu. decimeter = 1 liter
Change
:
1. 170 cm to m 16. 5 dkm to mm
2. 17 m to cm 17. 5mm to cm
3. 5 dm to cm 18. 15 mm to cm
4. 200*">to m 19. 144 mm to cm
5. 140 cm to dm 20. 3.4 cm to dm
6. 140 mm to cm 21. 4.72 hm to m
7. 680 dm to cm 22. 1.32 dm to m
8. 1450 mm to dm 23. 64.2 cm to dm
9. 2000 mm to m 24. 14.60 mm to m
10. 5 m to mm 25. 5^- cm to m
11. 1.5 dm to mm 26. 39.37 m to cm
12. 2 dkm to tf\ 27. 3.9 cm to dkm
13. 10 dkm to ctn 28. 1480 mm to dkm
14. 1500 cm to dkm 29. 3.425 mm to m
15. 3 hm to m 30. 10.404 cm to hm
Add:
1. 3m +200 dm-* 25 cm +1.5 m Ans. in meters.
2. 4m 4-150 dm + 164 cm Ans. in m and om
3. 1 hm+1600 cm+-2000 mm Ans. in cm
4. 10 cm * 2.4 m +100 dm Ans* in m
5. 2 dkm +-1 km+ 5m Ans. in m
6. 154 m \ 4 dm \ 3 cm Ans. in om
7. 2 m + 5 dm -V2 cm Ans. in mm
8. 1 m 4- 1 cm +• 15 mm Ans. in cm
9. 3 dkm +14 cm + 112 mm Ans. in m
10. 43.2 cm + 165 dm + 100 mm Ans. in m
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Change
:
1.
2.
3.
4.
5.
6.
7.
4 1 3" to mm
2 2/3 1 to mm
5 yards to m
3 yards 2 feet to m
25 1 3" to om
2 feet to cm
15 inches to cm
8.
9.
10.
11.
12.
13.
3-4.
1 yd 4 ft 6 in to om
14 cm to feet
132 mm to inches
2m to 4 om to yards
3/4 meter to inches
1 l/8 cm to inches
100 cm to inches
Exercises.
1. What is the area of a rectangular floor 15 m long
by 9 m wide?
2. A square is 1 m 5 dm on a side. Find the area in
square meters.
3. A pieof of glass is 120 cm "by 80 cm 5 m. Find the
area in squ&re centimeters.
4* What is the volume in com of a "box ZO cm long, 15 cm
wide and 8 cm high?
5. A "bin is 15 dm long, 10 dm wide and 6 dm high. How
many liters does it contain?
6. A "bin is 2 m long, 12 dm wide, and 55 cm high. How
many liters does it contain?
7* If 454-§- ccm of water weighs 62.4 lbs. What is the
weight of a ou. om of water?
8. The inside dimensions of a tank are 14 cm by 10 cm by
8-|- cm. What is the weight of the water which the tank
can hold?
9. A similar tank has dimensions 48 cm by 1 m by 10 om
5mm. V/hat is the weight of the w&ter which the tank can
hold?
10. A tank oan hold 600 grams of w^ter. How many cu. cm
are there in the tank?
11. If wood weighs .75 times as much as w&ter, what is the
weight of a ou. cm of wood?
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SPECIFIC GRAVITY
Speoifio gravity of the substance is the weight, in
grams, of a com.
The weight of a cu. cm of any substance is compared
with the weight of a ou. om of water in order to find its
specific gravity. That is, the weight of com of water is
1 gram* Hence the specific gravity of water is said to be
1* If a substance equal in volume weighs three times as
muoh as water, its specific gravity is said to be 3*
One com of iron weighs 7*8 grams* I*S sp* gr*=7*8.
Since specific gravity is the weight of a certain cub
unit of a substance, the total weight of the substance
would equal the product of the sp* gr. and the number of
those cul units*
W=Vxsp* gr* V— volume,
sp. gr. v
1* There were 17400 com of iron on hand. If iron has a
sp. gr. of 7*8, what is the weight of the iron on hand?
What is its weight in lbs?
2* 25,000 com of oil, sp* gr. .0912, will weigh how
much?
3. A block of iron has the following dimensions: 160
om by 15 om by 2 cm. Find its weight.
4. If a certain substance whose sp* gr. is 4.5 weighs
200 grams, what is its volume in com?
5* The zinc in a building weighed 9,720 grams. If its
sp* gr* is 7*2 how many ocm were used?
One cu. ft. of water weighs 62.4 lbs.
But sp* gr. of water is 1*
Divide the weight of the cu. ft. of water by 62*4 to
get sp* gr.
Sp* gr. ^ Weight in pounds of a cu. ft. of a substance
"* 62.4
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1. If a ou. ft. of wood weighs 56*16 lbs, what is its
sp. gr?
2. If a cu. ft. of stone weighs 156.25 lbs, what is its
sp. gr»?
3. If 400 ou. ft. of sea water weighs 25,584 lbs., what
is its sp. gr.?
4. What is the weight of a cu. ft. of wood, sp. gr . .5?
5. What is the weight of 1500 cu. ft. of iron, sp. gr.
7.8?
BOARD MEASURE
The unit used in measuring lumber is board foot. This
unit is a foot square and one inch thick, (or its equivalent)
When referring to "feet" in the following problems board
feet will be meant. Mouldings and strips are figured in
linear units. All stock less than one inoh in thiokness
is figured the same as stock one inch thick. Stock over
one inch thick is figured exactly to its dimensions.
In figuring the cost of stock in anv given problem, the
thickness of the rough stock, from which the dressed stock is
planned, should be taken. The common sizes for school use
are as follows:
Dressed Rough
1/8" to 1/2 " from 5/8"
5/8" to 7/8" " 1"
lw to 1 1/8" " 1 1/4"
1 1/2" to 1 3/8" " 1 1/2"
1 1/2" to 2 7/8" " 2"
When figuring board feet, measure the length and width
of the plank in feet and its thickness in inches. The pro-
duct of these three dimensions will be the number of feet,
board measure.
Let 1 feet = length of the plank
w inohes = width of the plank
d inches = thickness of the plank
B =3 number of feet, board measure.
Formula
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Let 1 feet = length of the plank
b inches = width of the plank
& inohes =s thickness of the plank
B sm number of feet, hoard measure
B = 1. b. d
12
Example
:
Find the number of hoard feet in a plank whose dimensions
are 15' by V by 3".
(The 3" represents the thickness of the plank)
Leave 15' x 1* x 3" =• 45 "board feet. Ans.
Find the number of feet in a joist 12' by 4" by 3".
12 x 4 x 3 =12 feet Ans.
12
Find the number of feet in a plank 16 1 by 8 H by 7/8".
16 x 8 x 1 = 10 2/3 feet Ans.
12
Find the number of feet, board measure, in pieces of
wood having the following dimensions:
1. 12' x 8" x 2" 16. 12 1 X 1* x l£"
2. 15 1 x 6" x 1" 17. 14 1 X 6" x 2"
3. 12' x 9" x 3" 18. 12 1 X 4" x 3"
4. 17' x 12" x 1" 19. 20 1 X 8" x li"
5. 10' x 4" x 3" 20. 16' X 3" x 4"
6. 14 1 x 8 M x 2" 21. 24 1 X 10 " x 1"
7. 2" x 6" x 12 1 22. 16' X 4" x 3"
8. 15' x 8" x 1" 23. 18' X 9" x 2"
9. 10 1 x V x lim 24. 10' X 6" x li"
10. 20 1 x 10" x 2" 25. 10 1 X 8" x 2"
11. 16' x 8" x 1" 26. 15 1 X 8" x 1*"
12. 14' x 4§-M x 3" 27. 10' X 9" X V
I
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LC » o/1 1C*± X 1U O ft6 0 . JLo X X •t IX
14. 16 1 x 8" x 2i" 29. 22' X 6" X ii"
15. 10 1 x 6" x 1" 30. 20 1 X 6" X ii"
31. 12' x 6" x 1*" 41. 15' X 4" X 1 1/8"
38. 18 1 x 8" x fie 42. 15' X 4" X 3/4"
33. 14
»
x 6" x 1*" 43. 14 1 X 10 x 1/2"
34. 24" x 10" .x li" 44. 12 1 X 6" X 7/8"
35. 14 1 x 8" x 2" 45. 12' X 8" X li"
36. 14' x 9" x 7/8" 46. 20 1 X 10 " x 3/4"
37. 10 1 x 6" x 3/4" 47. 15' X 8" X 5/8"
CO » •v ft" -vX O X Aft X o X iiM
39. 20' x 6" x 5/8" 49. 16' X 6" X 5/8"
-LD x 4" x 3" 16' X O X ii"
J: J.HQ o lie cost of:
51. 25 planks, 12 1 x 9" x 2" at ^80 per H*
( $80 per M = $80 per thousand board feet)
12 x 3/4 x 2 a 18 ft. board measure
.
25 x 18 = 450 ft. board measure
§80 per thousand feet $.08 per foot
450 x $ .08 = <d>36 cost Ans.
52. 50 "boards 14' x 8" x 1" at #100 per M
53. 17 £. 12 1 x 10" x 1' at ^280 per If
54. 60 planks 18 1 x 9" x 2" at §90 ii
55. 20 joists 12' x 4" x 3" at $110 H it
56* 40 boards 16' x 10" x li" at $96 n H
57. 10 boards 12' x 9" x 3/4" at *75 ii W
58. 15 joists 10' x 3" x 3" at ^60 11
59. 10 boards 14' x 6" x 7/8" at $.08 per foot
60. 35 planks 10" x 10" x 5/8 " at ;f. 10 " ii
II
I
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PERCENTAGE*
Percent (per -centum) means by the hundred.
It is convenient to divide an object or substance
into 100 equal parts and consider each part 1/100 or
1% (.01).
How many % would be in the whole object?
The whole is known as the base. In profit and loss
examples we have always used the cost as the base, but
many business men use the selling price as the base. In
our work we shall use both methods.
Review:
Write the following percents as decimal fractions:
1%, 5%, 64%, 99#, 100$, 125%, 300%, Zifi, 12,%$°, IBfrjL,
6E«& f 150|#.
Reduce the following to a common fraction:
50%, 75%, 25%, 150%, 40%, 60%, 20%, 90%, 8C76, 70%,
IZH, 16 2/3%, 62^%, 37-1$, 66 2/3%, 83 1/3%, 33 1/3%,
8 1/3%, 15%, 30%, 65%, 64%, 35%, 28%, 3%, 14%, 11%,
19%.
Reduce % to a decimal
.75
f) 3.000
Reduce 5/6 to a decimal
.85 1/3
5/6)5.000
Reduce the following common fractions to decimal
fractions:
1/4, 3/8, 4/5, 2/4, 3/5, 3/4, 7/8, 1/8, 5/16, 3/32,
4/25, 5/32, 7/16, 1/32, 5/8, 2/3, 2/6, 3/10, 15/16.
Percentage of a number.
To find the percentage of a number:
Find 33 1/3% of 420.
420 33 1/3% s 1/3
53 1/3
1260 1/3 of 420 3 420
1260 "T~
140
140.00 420 s 140
Ans . 140
.
Ans. 140.
%r t V t
t f
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1. 16$ of 500
2. 2$ of 394
3. 5$ of 265
4. 15$ of 80
5. 14$ of 60
6. 64$ of 182
7. 75$ of 564
8. 18% of 2840
9. 3$ of 75
10. 6$ of 6
11. 11$ of 15
12. 120$ of 32
13. 150$ of 68
14. of 32.5
15. 8$ Of 100.5
16. 19$ of 64.4
17. 63$ of 32.25
18. 72$ of 6.405
19. 85$ of 189
20. 16$ of 50.50
21. 80$ of 320
22. 49% of 4.62
23. 99% of 100.001
24. 1$ of 5.55
25. 17$ of 16.24
26. 33$ of 8.32
£7. 100$ of 48.64
28. 1% of 60
29. if3$ of 60
30. 2/3$ of 60
31. .1$ of 800
32. .3$ of 800
33. .85$ of 160
34. .125$ of 648
35. 12^ of 48
36. 37-|$ Of 324
37. 16 2/3$ of 162
38. 8 1/3$ of 30
39. 66 2/3$ of 1900
40. 75$ of 44
41. 83 1/3$ Of 69
To find the number when a percentage of the number and
a rate percent are given.
1. 8 is l/4 of what number?
8 is 1/4 of 4X8 or 32 Ans.
2. 8 is 25$ of what number?
8 is 1/4 of what number?
8 is 1/4 of 32 Ans.
3. 40 is 10$ of what number?
40 is l/lO of what number?
40 is 1/10 of 10x40 or 400 Ans.
If 40 is 10$ of a number
10$ of the number is 40
1$ of the number = l/lO of 40 s 4
100$ of the number =3 100 x 4 or 400 Ans.
10$ of the number = 40
.10 of the number = 40
400
.10 )40.00
Ans. 400
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1. 25 is 5% of what number?
2. 168 is 2% of what number?
3. 5117 is 17% of what number?
4. 830 is 40% of what number?
5. $4.20 is 2iy<> of how much money?
6. |2000 whioh is 4% of the total sum was lost. How
muoh did the original stun amount to?
7. The width of a rectangle is 50% as long as the length.
If the width is 1' 2", find the length.
8. The emount paid on a bill was $2.50, which was 10% of
the bill. Find the amount of the bill.
9. The discount on lumber bought was #30 and the discount
rate was 5%. How much did the lumber cost?
10. If the discount in the previous example had been $24.40
and the rate 10%, how much would the bill amount to?
To find the rate of percentage when the number and the
percentage of the number are given.
1. tfhat peroent of 4 is 1?
1 is i of 4 and
4 of the whole = i of 100% = 25%
1 is 25% of 4
2» What percent of 5 is 3?
3 is 3/5 of 5 and
3/5 of the whole 3/5 of 100% 60%
3 is 60% of 5
3» What per cent of 240 is 38.4?
38.4 is 38^4 of 240
1ST
.16
38.4 - 240)38.40
240 240
T240
1440
0
38.4 is 16% of 240.
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1. What 2>art of 4 is 2?
2. What part of 6 is 3?
5. What part of 4 is 3?
4. What part of 5 is 4?
5. What part of 8 is 3?
6
»
What part 01 iu is i i
7. What part of 12 is 3?
8. What part of 20 is 8?
9. What part of 3 is 2?
10. What part of 9 is 4?
What peroent of 4 is 2?
Yfhat percent of 6 is 3?
What percent of 4 is 3?
What percent of 5 is 4?
What percent of 8 is 3?
What percent of 10 is 7?
What percent of 12 is 3?
What percent of 20 is 8?
What percent of 3 is 2?
What percent of 9 is 4?
11% The sides of a rectangle are respectively 5" and 8 W .
The width is what fo of the length?
12. The sides of a rectangle are respectively 2.5" and 4 n .
What i» of the length is the width?
13. A man with $5,000 invested $3,000 in real estate. What
fo was invested by him?
14. A "boy saved $4.00 and spent $2.50 of this stun for shoes.
What $ of the $4.00 did the shoes cost? >
Profit and Loss
In "buying and selling many large business houses now
determine their gain $ and their loss fo on the selling price
and not on the cost.
Give reasons why this method is an improvement over the
old method in certain cases.
Example: If a pair of shoes cost $4.00 and sell for
$5.00 find the gain percent, on the selling price. On the
cost.
oost $4.00
selling price &5.00
gain $1.00
That is. $1.00 is gain on $5.00 or a gain of l/5 is made,
but l/5 = 20$ gain on the selling price, or $1.00 is the gain
on $4.00 or a gain of 1/4 is made, but l/4 = 25/o gain on the
cost.
1. Lumber oost $40.00 and was sold for $45.00. Find the
gain on the selling price. On the cost.
2. A bolt which costs to make is sold for What
is the percent gained on the selling price? On the oost?
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3. An automobile tire whioh cost $32 is sold at a loss of
#2.00. Find the loss percent on the selling price. On the
oost •
4» Lumber was bought at $15 and sold at a gain of $2.50.
Find the gain percent on the selling price* On the cost.
5. Lumber which goes into a box plus the total cost of
manufacturing and selling it was worth $.80. If that box
brings a price of $1*20, what percent is gained on the
selling price? On the cost?
6. A man receives $200*00 for selling a house at $4,000.
What is his commission in percent?
7. A aan sells $1,500 worth of steel and retains for him-
self $30.00 of this amount. What percent does his commis-
sion amount to?
If a cheoker board sells for $2*10 and a gain of 40$
is made, what is its cost?
Old method - percent is gained on the cost.
oost 100$
gain 40$
selling price 140$
140$ = $2.10
1$ a f .015
100$ = $1.50 Cost. Ans.
New Method-percent is gained on selling price.
selling price 42*10
gain 40$ L40_
gain .64
Selling price minus gain $1.26 Cost. Ans.
Work the following examples according to both methods:
1. If lumber sells at $.80 per thousand feet and
there is a gain of 20$, what is the cost?
2. When a bolt is sold for $.04 there is a gain
of 20$, what is the cost?
3. Selling price of a book is $2.40. If the gain
is 10$, what is the cost?
4. A machine sells for $285. If there is a gain
of 24$, what is the cost?
t
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5. A pair of skates were sold for $2»20, what did they cost
if the gain was 12i%?
6. A sewing machine was sold for $28 at a gain of 40%. What
was the cost of the machine?
7. If a pane of glass sells for #1.30 at a gain of 22$, what
is the cost?
8. A hoy sells papers at per dozen. If his gain is 50%,
what is the oost of each paper?
9. A hoy sells papers at 24^ per dozen. If his gain is 75%,
what is the cost of each paper?
Basing gain percent on the selling price.
If an article costs §40 and sells at a gain of 20%, find
the selling price.
Selling price =» 100%
gain as 20% of the selling price.
cost =3 "~io% " • "
80% of the selling price as $40.00
1% " " n 9 m ' 50
100% " " Z 50.00
Selling price ^50.00 Ans.
Basing gain percent or loss percent on the cost.
Cost - 4^40.00
Gain = 20% of the cost
Gain = #8.00
Selling price = cost + gain
11
" ^404-^8 - $48. 00
Selling price = ^48.00 Ans.
Work out the following problems according to both methods.
1. If a magazine costs 7%tf and sells at a gain of 50%,
find the selling price.
2. A boy buys newspapers at 6</ per dozen and sells them
at a gain of 75%» What does he sell them for?
3. A micrometer costs $6.00. If the gain is 15%, what i
the selling price?
4. Washers cost 40^ per hundred to put on the market.
What is the selling price if a gain of 33 l/3% is made?
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5. What would the same washers, in example 4, sell for
if the gain was 50$?
6. If a wrench costs fl.20 and is sold at a gain of 16,j,
what is the selling price?
7. A shop-worn desk which cost ^14 is sold at a loss of
25#. Find the selling price.
8. Books costing $42.50 are sold at a loss of 20$. Find
the selling price.
Graphs
The above figure represents an algebraic scale. The
point marked "0" is called the origin. All points to the
right of the origin are positive; all points to the left,
negative
.
The point A is + 2-g-; B is -3.
The algebraic soale may run east and west or north and
south.
The thermometer is an illustration of an algebraic
scale
.
If two algebraic scales are perpendicular to each other
and cross at the origin they form the following figure:
Y
2
T-i, r-f.j t Jf Jr 4: i
:
Y
The scale running east and west is called the X axis;
the scale running north and south, the Y axis.
A point is looated by telling over or under what point in
the 1 axis it lies and opposite what point in the Y axis it lies.
The point A in the above figure is located by X = 3, y a l,
(often written 3,1).
The point B is represented by ( - 3,2).
The point G is represented by ( - 2, - 4).
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The pajier ruled similar to the above figure is called co-
ordinate paper* The space representing a unit on the paper
may differ on different kinds of coordinate paper "but should
not vary on any one piece of paper.
Locate (Galled Plotting) the follov/ing points:
a. (3,4) f. ( 2, -g£)
b. ( 2, -1) g. ( -3, -3)
o. (4,0) h. (0, -4)
d. ( -2, -5) i. (4t, -1)
8. (0,3) U ( -5,0)
Plot the two points in each example and draw a straight
line through them.
k. ( 0,1 ) ( -1,2 )
1* ( 0,0) ( 2,1 )
m. ( 4,4 ) ( 2,2 )
n. 1 1, -3) ( -4, -2 )
1,0 )o
.
( 0, -1 ) (
The graph work is "becoming more important and is how "being
used in many business houses instead of the old-fashioned sta-
tistical method. By this new system of graph work one can see
at a gl&nce the entire situation noticing all changes that af-
fect the business.
On ruled paper, such as coordinate paper, the spaces may
represent fractions of an integer, an integer or multiples of
an integer. In one graph the space or interval may represent
an inoh, in another it may represent a mile. When figures are
given more accurately than can be used in the diagram we use
them to the nearest figure that can be plotted on the graph thus
2»52 and 3.04 would be represented as 2.5 and 3.0.
Example
:
The temperatures in a room were as follows:
at 9 o'clock 65
,
at 10 o'clook 67
,
at 11 o'clock 68 , at 11:30
o'olock 69 , at 12 o'clock 68.5 , at 1 o'clock 68 , and at 2
o'clock 67 9
TO
es
G7
65
9 10 11 IZ 1 2
Time
i
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1» Plot the following expense account of a high school
boy for one week. Monday 20^; Tuesday 22^; Wednesday 25^;
Thursday 24^; Friday 30^.
2. Plot on a single diagram the following expense account
of a school boy for two weeks* First week: Monday 75^;
Tuesday 90</; Wednesday $1.25; Thursday ^1»00; Friday 95^.
Second week: Monday 70^; Tuesday 95^; Wednesday $1*05;
Thursday 9<V; Friday 90^.
3. A hoy finds the times of the moon rising to be as
follows: Monday 9 o'clock; Tuesday 9:28 o'clock; Wednesday
9:50 o'clock; Thursday 10:20 o'olock; Friday 10:46 o'olock;
Saturday 11:11 o'clock; Sunday 11:38 o'clock. Plot the times
of rising.
4. 0*Gentigrade . 32* F» 100°G = 212°F.
Let I. axis represent the centigrade scale and the Y axis
represent the F scale. Assume that all points representing
corresponding readings of the two scales lie on the straight
line joining the points (0,32) and (100,212) • Plot on a
figure similar to the following*
F.
C.
PROBLEMS
1* The number of looms used in the Carpets and Rugs In-
dustry were as follows:
1869 1,451 — 1899 9,841
1879 8,132 — 1904 11,002
1889 8,301 — 1909 11,796
2. The number of spindles used in the Silk Industry were
as follows:
1869 12,040 — 1899 1,213,493
1879 262,312 — 1904 1,394,020
1889 718,360 — 1909 1,777,962
3. The value of Textiles manufactured were as follows:
1849 $52,054,012 - 1889 $314,084,765
1859 102,084,408 - 1899 412,842,917
1869 167,859,600 - 1904 472,511,463
1879 231,095,423 - 1909 695,001,200
II
t
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The temperatures in a room v/ere as follows:
G
9 o'clock 66
10 " 66|w
11 " 69°
12 H 68°
12; 80 68*
1 67i
1:30 " 67°
2 " 66°
5» The "business report of a manufaoturing plan* is as
follows
:
1912 1000 automobiles
1913 1500 "
1914 10000 "
1915 12000 "
1916 15000 "
1917 20000
6» The value of the imports of the United States were
follows
1874— - $ 550,000,000
1878 450,000,000
1882 700,000,000
1886 600Q000,000
1888 725,000,000
1892 825,000,000
1896 775,000,000
1900 850,000,000
1904 1,000,000,000
1908— 1,200,000,000
1912 1,650,000,000
7» The exports of the United States v/ere as follOY/s:
1874 # 550,000,000
1878 675,000,000
1882 750,000,000
1886 675,000,000
1888 675,000,000
1892 1,000,000,000
1896 875,000,000
1900 - —1 , 350 , 000 , 000
IS04 1,425,000,000
1908 1,850,000,000
1912
—-2,200,000,000

INDUSTRIAL LlATHEL'iATICS I*
Problem - Build a board fence 4 ft. high aoross a lot 48 1
wide*
Speoifioations 6 1 oedar posts to be placed 8 1 on centers*
2 rails 2"x4" to be ordered a length that will cut with-
out waste*
Boards 7/8" thick, allow 20$ waste*
Example 1* Draw a sketch of fence*
Ex. 2* a Find No* of posts*
b " cost © 60^ ea*
Ex. 3* a Find dimensions of rails.
b " No* of board feet*
o " cost @ $55 M*
Ex. 4. a Find B* F. of Boards*
b " cost <& $38 M..
Ex* 5* a How many 8P nails will be needed if the boards
average 7" wide and are nailed to each rail with 2 nails*
Note. 92 8P nails a 1 lb.
b Find cost of nails in (a) if they are worth 5^
per lb.
Development. Boys know how a fence looks from experience.
What holds the fence up? (Posts)
What is at each end of the fenoe? (Post)
Are there any more posts than spaoes? (Always oae more) Why?
How are the boards fastened?
(To the rails with nails) etc.
Miscellaneous Ex*
(Construction)
1. What will be the cost to reboard a tight board fence if
the broken place is 20 1 0" in length and 10* in height, using
North Carolina Pine roofers at $45 per M. and allowing 20$ for
waste?
(Boards average 8" in width and are to be nailed in 3 places
with 3-10 wire nails at each plaoe. There are 60 nails to the
pound which costs 8-|- cents.
2. How many feet of lumber will be required to build a tight
board fence 8 1 6 M high and 140 1 long. The boards are 1" thick and
are 1" nailed in two places to pieces of 2" by 4" stuff, allowing
20$ for waste?
3. How many feet of lumber will be required to build a walk 100
ft. long and 6 ft. wide if the plonks are 2 inches thiok and laid
crosswise in 3 pieces of 3 in.by 4 in. running lengthwise?
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4. How much lumber will "be required to reboard the fence
in example 2 if the broken places are the following widths:
3 1 , 2' 6", 4 1 3", O 1 8", and 2 1 0". What will be the cost of
the lumber at the rate of #50 per lt»T
5. How much lumber wan be loaded on a flat car the platform
of which is: 8'6" x 40' and piled 8 1 high. Lumber to average
16' long? (Ans. 26, 112 Board Ft.)
6. How many 2 ton truck loads can be obtained from a car-
load of white pine weighing 2700 lbs per 5i»?
(Ans. 17 loads
:
250g lbs over.)
7. How muoh would each load weigh if the remainder were
divided equally?
(Ans. 4147.1 lbs.)
8. How many B.F. on each truok load of this weight?
(Ans. 1535.9)
9» How many board feet of 1" white pine are needed for 40
boxes each 32" long, 18" wide, 20" high-outside dimensions.
Allow 1 1/4 B.F. for each box.
10 • If v/e use only boards 12" wide and 12 ft. long how many
board feet of 1" stock are required for 12 boxes 44" long,
26" wide and 14" high?
11. Find the amount of stock necessary to build 20 benches
having the following pieces of stock.
1 pc. 48 x 18 x 1 3/4 and 6 drawers per bunch
4 pes. 28 x 2 l/4 x 2 l/4 having the following
4 " 28 x 3 x 2 1/4 pieces-
4 " 10 x 3 x 2 1/4 1 pc. 14 x 4 1/4 x 3/4
2 " 20 x 12 x 5/8 2 pes. 15 x 4 1/4 x 5/8
1 " 30 x 20 x 5/8 1 pc. 13 1/4 x 3 3/8 x 1/2
1 " 13 7/8 x 15 3/4 x 3/8
12. How much 1" stock is required for 8 screens, of three
frames each, if each frame is 6 1 6" high, and 3 1 wide. Top
rail is 2" below top of stiles, bottom rail 6" up from floor.
All pieces to be 3 l/4" wide exoept a l/2" panel which is
raffetted into rails and stiles 3/8"
13. Below is the schedule of lumber for a library table.
(Dimensions are finished)
Top 1 oc 7/8" x 30" x 48"
Legs 4 pes. 2 3/4" x 2 3/4" x 29"
Rails Z " 7/8" x 4" x 36 l/2"
2 " 7/8" x 4" x 22 1/2"
2 " 7/8° x 4" x 22 1/2"
1 7/8" x 10" x 36 3/8"
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MISCELLANEOUS
Board Measure (Construction)
How many Board Peet (B.P.) in eac
X. 16 boards r'xir'xM 1
2. 7 " f"x 7"xl6 I
3. 10 11 13/l6 ,,xl4"xl6 ,
4. 6 planks g^^^'
5. 9 " S'^O^IS'
6. 150 studs 2"x4"xl4 ,
7. 75 " S'^'xie 1
8. 16 timbers 6"x8"x24 ,
9. 10 " 1' squarexlS 1
10. 50 " lCxir'xSO"
11. 50 pes. of veneer l/20"xl0"
of the following:
12. 75 pos. Il/I6"xir,x30
13. 200 " S^l^'xlS'^ 1
14. 6 doz " -|"x|"xO"
15. 1 gro " iwxlfwxl7"
16. W " 3/32"x5"xl0"
17. 7 boards lfxlCx^'
18. 24 " lf'xir'xie 1
19. 25 Planks 2 ^"x^xie 1
20. 14 " 2 3/8"x8"xl6 ,
21. 5 2 l,x7^xl2 ,
1 22. 10 " 2"x7i"xl6 ,
» In problems like the following it is always well to make
a sketch of the article to be figured, and a stock list of the
various sizes of lumber needed.
23. How many B.P. of 1" boards are needed to floor a shed 9 1
x 17* allowing 10$ for waste?
24. How many B.P. are needed for a walk 3^x72*?
f
(7/8 Boards to
lay crossway on 2 stringers 3" x 4™ and allow 10$ for waste?)
(Give answer for each kinl of lumber).
25. Pind the cost of lumber for #23 if boards cost $32.50 per
M. and 3"x4" $37.50 per 11?
26. Pind the number of lbs. of 8d nails that will be needed and
their cost G&^qllb* if the boards average 8" wide and are nailed
with 2 nails to each stringer, and 5jo is allowed for loss?
27. Pind the total cost of the walk including labor if it will
take a carpenter \i days of 8 hours to build it and his wages
are 75^ per hour?

INDUSTRIAL MATHEMATICS TEST
Direotions to the Teacher
The purpose of this work is to test the ability of the
pupil in this particular kind of mathematics, "but not to test
his speed* Allow ample time to complete the work. Read di-
rections "below to the pupils hut do not make any further
c omment
•
Directions to the Pupils
Read the words above each test explaining the type of work
involved*
Look carefully at each example to see what process is in-
volved.
If you cannot get the answer to an example don't spend too
much time on it, hut go on to the next one*
Accuracy is more important in this text than speed. How-
ever
,
try to do the work in as short a time as possible*
Each example counts one unit*
I
INDUSTRIAL LlATHEiuATICS TEST
Name Sohool
Grade Soore
I* Common ^Tactions
Complete the indicated process:
185 T1 • 2 ~% ~ 94 19. A.3 X if =
~\ DA c •
* *T = 94 20. if • y =
T OAloU C • 93 21. =
lie, 4 • 3 + 3 = 86 22. 5 x 2k -
loo 5* 3 i 14 r g — 84 23.
lk>
X 3 8
loo 6* 84 24. li X 2 =
146 7. 6 X % = 83 25. 6 X 1* 8
141 8* T x 2 = 81 26. 6 x It =
128 9, -12. — i —* " 2 = 73 27. tfr+lf =
1E2 10. 3<t • 2 = 69 28. "2 " 3 =*
111 11. i x 3 = 65 29. jr* 2 -
110 12. 62 30. 4 ' g =
105 13. 2 X 4 61 31. 2. J. A.
103 14. •g r 4 — 60 32. <t X g 8
101 15. **f = 55 33. JSL -u£ -t • f -
100 16. 54 34.
97 17. 52 35. 1* x * =
96 18. i -2 = 47 36.
2he figures on the left of each example signify the number of
boys who had it correct. Liaximum possible =189
4J
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Name Sohool
Grade Score
Common factions (continued)
Complete the indicated prooess:
42 37. 4x2-1= 31 41. $-KLi m
41 38. 47-2?= 30 42. 6j^2| =
36 39. 2i-f= 27 43. fr+ f as
32 40. 1|-t= 26 44. 2^x1^ =
The figures on the left of e§ch example signify the number of
boys who had it correct. Maximum possible ™ 189

Name
INDUSTRIAL l.IATHSLIATICS TEST
School
Grade Score
Deoimal fractions (Continued)
Equations
Solve lor x:
180 1. x+x = 6 151 9. 2x - 1 = 19
179 2. x+x = 5 136 10. 2x+ 8 = 14
170 3. 5xi-2x = 35 133 11. 5X+-1 = 7
169 4. 7x - 3x = 8 132 12. 4x - 3 = 15
168 5. x-h2 =: 5 121 13. 3x - 1 = 3
163 6. 3x+x S 12 118 14. 6x - 18 = 17 - x
160 7. x + 17 = 50 116 15. 4x - 2 = 304-2X
156 8. x - 3 = 2 109 16. 5x = 20 + 2x
The figures on the left of each example signify the numbe
of "boys who had it correct. Llaximum possible = 186

Name
INDUSTRIAL MATEHMATICS TEST
Sohool
Grade Score
Decimal Fractions (Continued)
106 17. 6x = 11 - x 91 21. 3x+1.4=4.7
1%
^ 18. 2x - t = 4-jg- - 2x 83 22. 1.7x + 1.5 = 4.9
95 19. 2.1x - 1.1 = 7.3 64 23. 4x = 5-h(x - 2)
95 20. 2x - 3.2 = 4.6 50 24 ' 2x = 9 - (2x - 3)
22 25. 3x-hl = 16+- x
The figures on the left of each example signify the number of
hoys who had it correct. Llaximum possible = 186

Name
INDUSTRIAL kATHBtlATIOS TJ23T
Sohool
Grade Score
131
Decimal factions .
Use contracted method in multiplication and division
Complete the indicated process:
.4675
x .2431
64 .8612
x .243
118 1.482
x 2.671
59 1.046
x .4235
104 .0058
X .0043
51 8 3.426
x .548
92 .0042
x .0386
47 1.046
x .509
73 52.463
x .5824
12 10. .0846
x .0243
The figures on the left of each example signify the number
boys who had it correct. Maximum possible — 162
cc
Name
INDUSTRIAL MATHEMATICS T3ST
Sohool
Grade Score
Decimal factions (Continued)
Complete the indioate d prooess . ( Use contracted method )
119 1. 1.25)3.54 76 6. 1.52)3.75
106 2. 5.47)15.70 64 7. 42.5)174.2
99 3. 2. 02).465 55 8. .524).406
93 4 3.84)42.5
81 5. 1.006). 9641
41 9. .8680). 5605
23 10. .625)1.56
The figures on the left of each example signify the number of
hoys who had it correct. Maximum possible = 151
-* . * *
i 1
Name
INDUSTRIAL LLITHELATICS TiSST
School
Grade Score_
III Formulas
Find the value of the unknown quantity in the following
formulas:
192 1. P = BR B = 150 R = .06
174 2. E =5 IR I = .5 R = £20
167 3. G =1TD TT- D = 14
163 4. h = .866S S = 4
162 5. H =7^ W = 5968
159 6 • Q \L= 9
152 7. D
=^f- V = 1.5 V = 6
144 8. B = IR E = 550 I = 5.5
131 9. A -^R 1' TT- R = 7
129 10. R* = R,f R v + R3 R* = 96 R, = 50 Rj = 20
The figures on the left of each example signify the numhe
of "boys who had it correct. Laximum possible =203
r
INDUSTRIAL MATHEMATICS TiSST
ITame Sohool
Grade Score
Formulas (Continued)
109 11. G -tfV TT-^ C = 55
101 12. A - TTR
1
' 1T- ~ A 5 154
W
94 13. L =
-^r D ss •75 V = 14.5
89 14. H = PLAN (P = 50 L = 12
33000 (A S3 20 K = 250
78 15. A = V* $
X
S = 1.24
V6 16. B=^ D = 1.5 W = 24
71 17. I = I (E,-hE) W = 100,3, = 3.5 3 = 4
34 18. W = 1 (8,Hrl) W = 144, I = 24, 3 = 2.5
29 19. £-£/^H**3 R = 10.R, = 20^ = 40
15 20. A = —— A = 62.28 13 = 1.73
The figures on the left of each example signify the number of
hoys who had it correot. Maximum possible = 203

\oz
Use of Tables
The pupils should he given practice in the use of tables.
Short tests should be given which involve little, if anything,
besides the use of tables. One test may be stated as follows:
"Find the area of oircles having the following dimensions (list
ten or twenty radii and diameters) »W A test may involve the use
of one table or of many tables. The following is a suggestion:
Use the tables in the following work!
1. Find the circumferences of oircles whose radii are 6 in.,
32 ft., 2 ft. 6 in.
2. Find the area of an equilateral triangle whose side
equals 47 ft.
3. Find the area of a regular hexagon whose side equals
34 in.
4. Find the area of a circle whose diameter is 6 in.
5. Find the cost of 8979 common nails, 2d in size at 4r|-
cents per pound.
r
Table 1
Ho. Square Cube Square root Cube root
1 1 1 1.0000 1.0000
2 4 8 1.4142 1.2599
3 9 27 1.7321 1.4422
4 16 64 2.0000 1.5874
5 25 125 2*2361 1.7100
6 36 216 2.4495 1.8171
7 49 343 2.6458 1.9129
8 64 512 2.8284 2.0000
9 81 729 3.0000 2.0801
10 100 1,000 3 .1623 2.1544
11 121 1,331 3.3166 2 .2240
12 144 1,728 rw A /* A ^3.4641 2 .2894
13 169 2 ,197 3.6056 2 .3513
14 196 2,744 3 .7417 2.4101
15 225 3,375 3.8730 2.4662
16 256 4,096 4.0000 2 .5198
17 289 4,913 4.1231 2 .5713
18 324 5,832 4.2426 2 .6207
19 361 6,859 yi rz r ft ft4.3589 2 .6684
20 400 ft r\8,000 4.4721 2 .7144
21 441 9,261 A IT ft ft /*4.5826 ft n r nrt2 »7 589
22
A C\ A484 10,648 4. 6904 ft ft ft2 .8020
23 529 12 , 167 4 .7958 ft n yl r? n2.8439
24 576 13 ,824 4.8990 2.8845
25 625 15, 625 5.0000 2 .9240
26 676 17 ,576 5*0990 2 .9625
27 729 19 ,683 5.1962 3.0000
28 7 84 21,952 5.2915 3.0366
29 841 24,389 5.3852 3.0723
30 900 27 ,000 5.4772 3.1072
31 961 29,791 5.5678 3.1414
32 1024 32,768 5.6569 3.1748
33 1089 35,937 5.7446 3.2075
34 1156 39 ,30£ 5*8310 3.2396
35 1225 42,875 5.9161 3.2711
36 1296 46,656 6.0000 3.3091
37 1369 50, 653 6.0828 3.3322
38 1444 54,872 6.1644 3.3620
39 1521 59 .319 6.2450 3 .3912
40 1600 64,000 6.3246 3.4200
A 141 1681 68,921 6.4031 3.4482
42 17 64 74,088 6.4807 3.4760
43 1849 79,507 6.5574 3.5034
A A44 1936 85 ,184 6.6332 3.5303
?1 , icO o
.
iUoc
46 2116 97,336 6.7823 3.5830
47 2209 103,823 6.8557 3.6088
48 2304 110,592 6.9282 3.6342
49 2401 117,649 7.0000 3.6593
50 2500 125,000 7.0711 3.6840
A
Table 1 (continued)
No. Square Cube Square root Cube root
51 2601 132,651 7 .1414 3.7084
5£ 2704 140,608 7.2111 3.7325
53 2809 148,877 7.2801 3.7563
54 2916 157 ,464 7.3485 3.7798
55 3025 166 .375 7 .4162 3.8030
56 3136 175.616 7.4833 3.8259
57 3249 185.193 7 .5498 3.8485
58 3364 195,112 7 .6158 3.8709
59 3481 205,379 7.6811 3.8930
60 3600 216,000 7.7460 3.9149
61 3721 226,981 7.8102 3.9365
62 3844 238,328 7.8740 3.9579
63 3969 250,047 7.9373 3.9791
64 4096 262,144 8.0000 4.0000
65 4225 274,625 8.0623 4.0207
66 4356 287,496 8.1240 4.0412
67 4489 300,763 8.1854 4.0615
68 4624 314,432 8.2462 4.0817
69 4761 328,509 8.3066 4.1016
70 4900 343,000 8.3666 4.1213
71 5041 357,911 8.4261 4.1408
72 5184 373 ,248 8.4853 4.1602
73 5329 389,017 8.5440 4.1793
74 5476 405,224 8.6023 4.1983
75 5625 421,875 8.6603 4.2172
76 5776 438,976 8.7178 4.2358
77 5929 456,535 8.7750 4.2543
78 6084 474,552 8.8318 4.2727
79 6241 493,039 8.8882 4.2908
80 6400 512,000 8.9443 4.3089
81 6561 531,441 9.0000 4.3267
82 6724 551,368 9.0554 4.3445
83 6889 571,787 9.1104 4.3621
84 7056 592,704 9.1652 4.3795
85 7225 614,125 9.2195 4.3968
86 7396 636.056 9.2736 4.4140
87 7569 658,503 9.3276 4.4310
88 7744 681,472 9.3808 4.4480
89 7921 704,969 9.4340 4.4647
90 8100 729 ,000 9.4868 4.4814
91 8281 753,571 9.5394 4.4979
92 8464 778,688 9.5917 4.5144
93 8649 804,357 9 . 6437 4.5307
94 8836 830,584 9.6954 4.5468
95 9025 857,375 9.7468 4.5629
96 9216 884,736 9.7980 4.5789
97 9409 912,673 9.8489 4.5947
98 9604 941,192 9.8995 4.6104
99 9801 970,299 9.9499 4.6261
100 10000 1,000,000 10.0000 4.6416
:
: V'-' . t
Table II
Circle
Radius Diam Circumference Area
* 1 3.141 .785
1 2 6.283 3.141
3* 3 9.424 7.068
2 4 12.566 12.56
2* 5 15.708 19.63
3 6 18.849 28.27
3* 7 21.991 38.48
4 8 25.132 50.26
4* 9 28.247 63.61
5 10 31.416 78.54
&ir 11 34.557 95.03
6 12 37.699 113.09
6* 13 40.84 132.73
7 14 43.982 153.93
7* 15, 47.124 176.71
8 16 50.265 201.06
8* 17 53.407 226.98
9 18 56.548 254.47
9* 19 59.69 283.52
10 20 62.832 314.16
xo§ 21 65.973 346.36
11 22 69.115 380.13
u* 23 72.256 415.47
12 24 75.398 452.39
12* 25 78.54 490.87
13 26 81.681 530.93
15| 27 84.823 572.55
14 28 87.964 615.75
14* 29 91.106 660.52
15 30 94.248 706.86
15* 31 97.389 754.79
16 32 100.53 804.25
is* 33 103.67 855.35
17 34 106.81 907.92
17* 35 109.95 962.11
18 36 113.09 1017.8
18* 37 116.23 1075.2
19 38 119.38 1134.1
19* 39 122.52 1194.5
go 40 125.66 1256.6
20| 41 128.80 1320.2
21 42 131.94 1385.4
21* 43 135.08 1452.2
22 44 138.23 1520.5
22* 45 141.37 1590.4

Table II (oontimied
)
Hadius Diam Circumferenoe Area
23 46 144.51 1661.0
23i 47 147.65 1734.9
24 48 150.79 1809.5
24^ 49 153.93 1885.7
25 50 157.1 1963.0
£fi* 51 160.2 2042.0
26 52 163.4 2123
26* 53 166.6 2206
27 54 169.6 2290
27i 55 172.8 2375
28 56 175.9 2463
28ir 57 179.1 2551
29 58 182.2 2642
89* 59 185.4 2733
30 60 188.5 2817
3C% 61 191.6 2922
31 62 194.8 3019
51* 63 197.9 3117
32 64 201.1 3217
58* 65 204.2 3318
33 66 207.3 3421
35* 67 210.5 3525
34 68 213.6 3631
34i 69 216.8 3739
35 70 219.9 3848
35i 71 223.1 3959
36 72 226.2 4071
5** 73 229.3 4185
37 74 232.9 4300
37i 75 235.6 4417
38 76 238.8 4536
38i 77 241.9 4656
39 78 245 4778
39i 79 248.2 4901
40 80 251.3 5026
40* 81 254.5 5153
41 82 257.6 5,281
&& 83 260.8 5,410
A ©42 O A84 263.9 5,541
42i 85 267.0 5,674
43 86 270.2 5,808
4&|- 87 273.3 5,944
44 88 276.5 6,082
44i 89 279.6 6,221
45 90 282.8 6,361
r
Table II (oontinued)
Radius Diam Ciroumferenoe Area
45i 91 285.9 6,503
46 92 289.0 6,647
93 292.2 6,792
47 94 295.3 6,939
47i 95 298.5 7,088
48 96 301.6 7,238
48|- 97 304.7 7,389
49 98 307.9 7,542
49ir 99 311.0 7,697
50 100 314.1 7,854
60i 101 317.3 8,012
51 102 320.4 8,171
51i 103 323.5 8,332
52 104 326.7 8,494
52k 105 329.8 8,659
53 106 333.0 8,824
53* 107 336.1 8,992
54 108 339.2 9,160
54§ 109 342.4 9,331
55 110 345.5 9,503
55i 111 348.7 9,676
56 112 351.8 9,852
§G# 113 355.0 10,028
57 114 358.1 10
57i 115 361.1 10,386
58 116 364.4 10,568
58i 117 367.5 10,751
59 118 370.7 10,935
59^ 119 373.8 11,220
60 120 376.9 11,309
60ir 121 380.1 11,499
61 122 383.2 11,689
SI* 123 386.4 11,882
62 124 389.5 12,076
125 392.7 12|277
63 126 395.8 12,469
127 398.9 12,667
64 128 402.1 12,867
64i 129 405.2 13,069
65 130 408.4 13,273
65^ 131 411.5 13,478
66 132 414.6 13,684
133 417.8 13,892
67 134 420.9 14,102
67^ 135 424.1 14,313
-
Table II (continued)
Radius Diam Ciroumference Area
Aft 1 "*AJ.OO AP 7 ..P 14 AP A
coiDOS A*3?n -ftOU »
0
T A 7A1
AO S.00 1 A Q A7
coi. T CCQ A 1??A A 1 A T 7AXO , X / ft
rtc\f\J t ao A^Q ~ ft 1 AXO yOVO
T AT //O Q 1 c ATA
>7T
/ X 1 A9 AAA . T XO t OOO
' J-
3
T A 1* AAQ .9 1 A HAfl
7p 1 AA ARP .
^
1 A OftAXO 9 COO
1 AAXfrO AAA . A 1 A A"*nXO j OOU
7'* it O 4AR .. A 1 A 741XO y I TtX
' «-*3 1 A7X*± f 4A1 -fltoX • 0 1 A 971XO . «7 » X
74- 14R 4A4 »9 17 pn 1^
' *3 149 4AR m.0 1 7 43A
7 A/ 0 ^vy 471 .2 1 7 A71XI c 0 / X
7 A?r 1 AlX«J J- 474.3 1 7 907
7A( 0 1 A? 477 » A 1R 14A
7 A-i- 1 A^ 4R0. A 1 fl ^RAXO y OOil
77 1 A4X t_>*x 1R A? A
77-ft-
» ' 3 1 RA 4RA »9 1 fl RA9
78 1AA 490.0 19 113
78-1 157 493.2 19 359
79 1A8JL «J \J 496.3 19 607JL •/ * Uv 1
79i 1A9Jut/ 7 499 .A 19 AAA
80 160 502 .6 20 106
80^- 161J- 1/JL 505.7 20 358
81w JL 162 508.9 20 61P
0x2 1A3 Al? .0 20 RA7
R? 164JLwTK 515 .? PI 124bX, J»*^t:
1AA AIR. 3 Pi 3RP6X| JOfo
83ir
1AA 521 .A4/& JL • PI A4P&X,
1A7 A24. A PI 904
R4 1 ARJLU O AP7 «R PP 1 A7Cid 9 XO 1O/i 1 A9XO D *j 0 u • •/ PP A 13?!
RA 1 70 a^ P O AQfic ^ , O J?0
8&5" 171 537.2 22,965
86 172 540.3 23,235
86% 173 543.5 23,506
87 174 546*5 23,778
87i 175 549.7 24,025
88
88i
176 552.
9
24,328
177 556.0 24,605
89 178 559.2 24,884
891- 179 562.3 25,165
90 180 565.4 25,446

Table II (oontinued)
Radius Diam Ciroumferenoe Area
Aa190g- 181 568*6 25 ,730
91 182 571*1 26,015
9It 183 574.9 26,302
92 184 578.0 26,590
A ft!92t HOC185 581.1 26,880
93 186 584.3 27 ,171
9&2 187 587 .4 fs fj A f* A27 ,464
94 188 590.6 27 ,759
94^ 189 593.7 28,055
95 190 596.9 28,352
95-1- 191 600.0 28,652
96 TOO19c C ACE T6Uo .1 28 , 952
e& 193 606.3 29,553
97 194 609.4 29,559
97i 195 612.6 29,864
98 196 615.7 30,171
98i 197 618.8 30,480
99 198 622.0 30,790
99^ 199 625.1 31,102
100 200 628.3 31,416

Area of polygon
side cm a
•433 a*
1.000 a*
1.720 a*
2.598 a*
3.364 a*
4.428 a*
6.182 a1
7.366 a*
9.366 a1
11.196 a-
Size length Approximate SiZQ LengtS Approximate
Number to Id. Number to lb
2d 1 inoh 87 6 lOd 3 inch 69
3d li inoh 568 12d 3i inoh 63
4d It inch 316 16d 3# inoh 49
5d If inch 271 20d 4 inoh 31
6d 2 inch 181 30d 4i inoh 24
7d 2i inch 161 40d 5 inch 18
8d 2i inch 106 50d 5i inch 14
9d 2f inoh 96 60d 6 inch 11
Table V
Formulas
H.P. — voltsX amperes Electric horse power
.
746
a
K ss Wv Kinetic energy.
2g
PXPa = WxWa. Law of lever.
PAHsfXr. The wheel and axle.
W = PXU. The pulley block.
W = PAL The inclined plane when P is parallel to plane.W
Table III
Areas
Name of polygon
Regular
Square
Regular
Regular
Regular
Regular
Regular
Regular
Regular
Regular
triangle
pentagon
hexagon
heptagon
octagon
nonagon
decagon
undecagon
Dodecagon
Number of
sides
3
4
5
6
7
8
9
10
11
12
Table IV
Common Nails
c
Table V (continued)
W = PXB The inolined plane when P is paralled to
"base
.
W = PX £*rR The screw.
E
f = P The coefficient of friction,
f
1 = 2L + (D-hdViT Length of belt.
2
G =
-ffRd The cutting sioeed in F. P. M» for lathe
IS
turning.
H.P. =r W X PX R.P»3*1» XTfd Horse power of maohines*
33,000X12
H.P. = CXW. Horse power of machines.
D s 5,280 Diameter of fly wheels.S3rr
H.P. = P L A B Horse power of steam engine.
33,000
i
H.P. s HI Horse power of gasolene engine.
2.5
H =s PX2»302. H = P Water pressure in pipes.
.434
2»P» = W X
H
Pumping water to a given height.
33,000
Table VI
Miscellaneous
1 gallon = 231 ou. in.
1 bushel = 2150 cu. in.
1 gallon of water weighs 8.35 lbs.
1 cubic foot of water weighs 62.5 lbs.

11?-
Table VII
Weights of Materials
Woods
Ash
Biroh
Cherry
Chestnut
Cypress
Elm
Gum
Hemlook
Hickory
Lbs. per ou. ft.
52
38
44
35
28
41
40
24
45 to 53
Metals
Aluminum 160
Babbit Metal 457
Brass (copper and zino) 488
Bronz 540
Copper 545
Cast iron 450
Wrought iron 486
Lead 708.5
Woods
Linden
Mahogany
Maple
Oak(white)
Oak(red)
Pine (white)
Pine (yellow)
Metals
Steel
Tin
Zinc
Other material
Water
Granite
Marble
Brick and mortar
Lbs* per cu. ft.
37.7
35 to 53
45
50
52
30
43
499
455.5
437
62i
169
166
120.
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